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Abstract—This paper reports recent single-event latchup (SEL)
results for a variety of microelectronic devices that include
OpAmp, Voltage Reference, Motor Controller, Switch Mode
Controller, Resolver-to-Digital Converter and Analog-to-Digital
Converter. The data was collected to evaluate these devices for
possible use in NASA spacecraft.

Index Terms— Cyclotron, heavy ion, SEE, Latchup.

1. INTRODUCTION

Rradiation-induced latchup has been studied for many

years [1-5]. The susceptibility to single event latchup (SEL)
exists in all junction-isolated or bulk CMOS processes. The
latchup is triggered when a charged particle strikes in the well
substrate junction (the region with the largest charge collection
depth) and deposits sufficient charge. If the voltage drop
within the well due to the charge particle strike is above
approximately 0.6 V, then it is possible for the vertical
transistor to turn on. The amplified current from the vertical
transistor then flows through the substrate region, making it
possible to turn on a second parasitic bipolar transistor and
initiate SEL. Regenerative feedback between the two sustains
the latchup state.

Electronic devices used in satellites and other spacecraft are
exposed to cosmic radiation. To insure reliability of these
devices, the effects of radiation, in particular SEL, should be
carefully studied. Many SEL results for space applications
have been published previously [6-10].

The studies discussed in this paper were undertaken to
establish the sensitivity of the electronic devices to SEL. SEL
measurements were performed on eight different types of
CMOS and BiCMOS devices including amplifiers, voltage
references, motor controllers, switch mode controller, current
mode controller, resolver-to-digital converter and analog-to
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digital converter. Table I lists the parts tested in this study.

Table I. LIST OF THE DEVICES

Device Manufacturer | Function Date/Lot
Code
TS9S1ILT | STMicro Operational Y049
Amplifier
MAX4194 | Maxim Instrumentation +907
Amplifier
MAX6050 | Maxim 5V Voltage F2AT
Reference
UCC2626 | Texas Motor Controller | 9239
Instruments
HV9112N | Supertex High Voltage 0449
G Current Mode
PWM Controller
SI9112DY | Vishay High Voltage 0924
Switch Mode
Controller
AD2S80A | Analog Devices | Variable 0729A
Resolution
Resolver-to-
Digital Converter
AD7760 Analog Devices | 24-bits Analog- 0720
to- Digital
Converter (ADC)

II. EXPERIMENTAL PROCEDURE

A. Test Facility

Heavy ion SEL measurements were performed at the
Cyclotron Institute Texas A&M University (TAMU). The
TAMU facility uses an 88” cyclotron. TAMU provides a
variety of ion beams over a range of energies for testing. Ion
beams used in our measurements are listed in Table II. LET
and range values are for normal incident ions. The test boards
containing the device under test (DUT) were mounted to the
TAMU facility test frame. Tests at the TAMU facility were
done in air with normal incident beam. The tests at TAMU
facility can be done in air because of the higher energy ions
available at this facility. The beam flux ranged from 1x10° to
1x10° ions/cm’sec.
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TABLE 11
LIST OF THE ION BEAMS USED IN OUR MEASUREMENTS AT
TAMU
Ion Energy LET Range
(MeV) (MeV-cm’/mg) (um)
Ne 278 2.7 285
YAr 531 8.2 198
%Cu 812 19.3 141
YKy 1070 27.4 140
"PAg 1348 41.5 125
Y7 Au 2365 84.6 124

B. Experimental Methods

All devices were commercial devices in plastic packages.
The devices were de-lidded for the heavy ion measurements.
The sample sizes for these measurements were three to five
depending on the device.

In general, the test setup consisted of a computer, power
supplies, and a specially designed general purpose latchup test
board. Printed circuit daughter cards were fabricated for
mounting the test devices. Components that are unique to the
test device are mounted on the daughter card while the
components that were generally used amongst all of the test
circuits are mounted onto the general purpose latchup test
board. The daughter card plugs into a general purpose latchup
test board by means of a 64 pin ZIF socket. The general
purpose board provides power to the daughter card as well as
the necessary clock and input signal required by the test
circuits. The board also includes an analog buffer to drive the
coax cable to an oscilloscope. The buffer is used to avoid
loading the output of the test device. Monitoring was done by
observing the input and the output signals to and from the
tested device with an oscilloscope. A computer-controlled
HP6629A power supply provides precision voltage control,
current monitoring and latchup protection. There are two
levels of latchup protection for the device when it experiences
latchup. First, the power supply will pull down the voltage
within 100 microseconds if the current exceeds a pre-
programmed level, Iy,. Second, the software cycles power off
within 300 to 600 ms when the current exceeds a set threshold
level, 1. In order to preserve the DUTs and collect reasonable
statistics, these thresholds were set accordingly. SELs were
detected via the test system software. The software controls the
power supply voltage and monitors the supply current. The
software also provides a strip chart of power supply
measurements. In some cases a separate computer was used to
monitor functionality of the test board.

The DUTs were tested at room temperature as well as at an
elevated temperature. The elevated temperature depended on
the DUT specification [11]. To determine each cross section
point, either a minimum of fifty latchup events were
accumulated or a beam fluence of 10”ions/cm’® was used.

The SEL measurements included the saturation cross

sections and the linear energy transfer threshold (LETy,). The
LETy, is the minimum LET value necessary to cause a SEL at
a fluence of 1x107 ions/cm”.

III. TEST RESULTS AND DISCUSSION

1. STMicro TS951ILT - Operational Amplifier

The TS9511 is a Rail-to-Rail BiCMOS operational
amplifiers optimized and fully specified for 3 and 5V
operation.

This Opamp was tested in the unity gain mode. The
inverting input was connected to the output. The non-inverting
input was fed with an input signal of 0.1 to 1.0V, 1kHz sine
wave. The output pin was loaded with a 1kQ resistor to 6.6V
(V/2). The output signal was monitored for functionality with
a scope.

The power supply voltage was set to 13.2V, the maximum
voltage specified by the manufacturer. SEL tests were done at
room temperature as well as 85°C. No latchups were observed
at either temperature.

2. Maxim MAX4194 - Instrumentation Amplifier

The MAX4194 is a variable-gain precision instrumentation
amplifier that combines Rail-to-Rail single-supply operation,
outstanding precision specifications, and a high gain
bandwidth.

The MAX4194 was tested using a 5.6kQ gain adjust resistor,
connected from RG- to RG+ pins providing a gain of
approximately 10. The device was also configured for single
supply operation. V. was set at 5.5V while V., was grounded.
A 0.1puF bypass capacitor was connected to the V. pin. Vi
was connected to 2.75V (V./2). A 51kQ load resistor was
used from the output pin to V /2. A 0.1 to 1.2V, 1kHz sine
wave was fed to the +IN pin, the —IN pins was grounded. The
output signal was monitored with a scope. As with all of the
other tests, the output signal was buffered by the analog buffer
on the general purpose latchup test board to avoid loading
output of the test device.

The power supply voltage was set to 5.5V, the maximum
voltage specified by the manufacturer. SEL tests were done at
room temperature as well as 85°C. No latchups were observed
at either temperature.

3. Maxim MAX6050 - 5V Voltage Reference

The MAX6050 precision, low-dropout, micro power voltage
references are available in miniature SOT23-3 surface-mount
packages. Their low dropout voltage and supply-independent,
ultra-low supply current make these devices ideal for battery-
operated, low-voltage systems.

Voltage references have been tested that exhibited output
transients and when latchup tests were being planned, it was
unclear as to whether these transients would initiate a high
current state sufficient to damage the test device. For that
reason, the test was started using a 100Q series resistor on the
power supply input to the device. Once it was clear that the
device was not susceptible to latchup, the resistor was



removed and power was supplied directly to the V;, pin and
the device retested for SEL.

The power supply voltage was set to 12.6V, the maximum
voltage specified by the manufacturer. A 0.1uF bypass
capacitor was connected to the Vj, pin. SEL tests were done at
room temperature, nominally as well as 85°C. No latchups
were observed at either temperature and with and without the
100€2 series resistor.

4. Texas Instruments UCC2626 Motor Controller

The UCC3626 motor controller device combines many of
the functions required to design a high-performance, two- or
four-quadrant, three phase, brushless dc motor controller into
one package. A precision triangle oscillator and latched
comparator provide PWM motor control in either voltage- or
current-mode configurations.

Because of the complexity of this device, and the lack of a
brushless motor for the device to be connected to, only a
minimal functionality testing was practical during SEL testing.
Functionality monitoring consisted of observing the signal
from the CT/PWM-NI pins. This connection provided an 8.4
Hz, 3/7V triangular waveform.

Two channels of the power supply were used. Channel one
was set to13.2V and supplied power to the V44 pin. The second
supply was set at 5.25V and supplied the high level input for
SNS NI, HALLA and HALLB input pins. HALLC input was
grounded. SEL tests were done at room temperature as well as
85°C. No latchups were observed at either temperature.

5. Supertex HV9112NG High Voltage Current Mode PWM
Controller

The Supertex HV9110 through HV9113 are a series of
BiCMOS/ DMOS single-output, pulse width modulator 1Cs
intended for use in high-speed high-efficiency switch mode
power supplies. They provide all the functions necessary to
implement a single-switch current-mode PWM, in any
topology, with a minimum of external parts.

Functionality monitoring was limited to observing the output
pin during SEL testing. A 100kQ resistor was used from the
OSC _OUT TO OSC _IN pins that should have provided an
output frequency of approximately 100Hz. The actual output
was 145Hz, 0/13V, 50% duty-cycle square wave.

Two channels of the power supply were used. Channel one
was set to13.2V and supplied power to the V44 pin. The second
supply was set at 48V and supplied the +V;, pin. 48V was
selected because that was the highest voltage available from
the HP6629 power supply that is used for SEL testing. SEL
tests were done at room temperature as well as 85°C. No
latchups were observed at either temperature.

6. Vishay SI9112DY - High Voltage Switch Mode Controller

The SI9112 is a BiC/DMOS integrated circuit designed for
use in high-efficiency switch mode power converters. A high-
voltage DMOS input allows this controller to work over a
wide range of input voltages (9 to 80VDC). Current-mode
PWM control circuitry is implemented in CMOS to reduce
internal power consumption to less than 10 mW. A CMOS
output driver provides high-speed switching of MOSPOWER
devices large enough to supply SOW of output power.

This device is very similar to the Supertex HV9112
controller. The same circuit was used to test this device as that
used for the HV9112. As with the HV9112, functionality
monitoring was limited to observing the output pin during SEL
testing. A 100kQ resistor was used from the OSC OUT TO
OSC IN pins that should have provided an output frequency
of approximately 100Hz. The actual output was 138Hz, 0/13V,
50% duty-cycle square wave.

Two channels of the power supply were used. Channel one
was set to13.2V and supplied power to the V4, pin. The second
supply was set at 48 volts and supplied the +Vin pin. 48 volts
was selected because that was the highest voltage available
from the HP6629 power supply that is used for SEL testing.
SEL tests were done at room temperature as well as 85°C.

Unlike the Supertex HV9112 controller, this device was very
prone to destructive SELs. At room temperature SELs were
observed at a LET of 27.4 MeV-cm’/mg but no latchups were
observed at a LET of 25.0 MeV-cm*mg. The latchup LET
threshold at room temperature is between 25.0 and 27.4 MeV-
cm’/mg. At an elevated temperature of 85°C SELs were
observed at a LET 19.3 MeV-cm’/mg but no latchup were
observed at a LET of 11 MeV-cm’mg. The latchup LET
threshold at an elevated temperature of 85°C is between 11.0
and 19.3 MeV-cm’/mg. Because destructive SEL events
occurred too quickly, it was not possible to determine the
exact fluence for each event. Furthermore, with our latchup
system it was not possible to reset the power cycle on the DUT
quickly enough to prevent the destruction of the DUT. Sample
size was 5. We were not able to collect sufficient number of
SEL events to provide a statistically valid cross-section for this
device.

7. Analog Devices AD2S80A-Variable Resolution Resolver-
to-Digital Converters

The AD2S80A is a monolithic 10-, 12-, 14-, or 16-bit
tracking resolver-to-digital converter. It is manufactured on a
BiMOS 1I process that combines the advantages of CMOS
logic and bipolar high accuracy linear circuits on the same
chip.

Three channels of the power supply were used. One supply
was used for +V, one supply for -V and one supply for V.
The +V supplies were set to £13. 5V. The V,u. was set to
5.25V. The power supply clamp currents were set to 80mA
and threshold currents were set to 40mA for all three supplies.

Three AD2S80A were tested at room temperature, and at
85°C. No Latchup was observed from any of the three devices
at either room or elevated temperature of 85°C.

8. AD7760 24-bit Analog-to-Digital Converter (ADC)

The AD7760 is a high performance, 24-bit X-A analog-to-
digital converter (ADC). It combines wide input bandwidth
and high speed with the benefits of X-A conversion to achieve
a performance of 100 dB SNR at 2.5 MSPS, making it ideal
for high speed data acquisition. The reference voltage supplied
to the AD7760 determines the analog input range. With a 4V
reference, the analog input range is +3.2V differential biased
around a common mode of 2V.

An evaluation board, EVAL-AD7760, the companion
Blackfin ADSP-BF537, and evaluation software, all available



for Analog Devices were used for the test. The three
components provided a means of monitoring device
functionality while the device was tested for Single Event
Latchup.

There are two regulators on the evaluation board that is used
to provide the 5.0V and 2.5V required by the evaluation board.
The input voltage to the regulator was 7.5V and required
approximately 230mA of normal operating current. For the
SEL tests, the current threshold was set to 400mA and the
current clamp was set to 600mA. A latchup event is defined as
any current excursion above the preset threshold current.

The AD7760 was tested at room temperature, and at an
elevated temperature of 85°C. The sample size was 2. Latchup
events were observed at both cases. The latchup events were
observed at LET as low as 8.3 MeV-cm*mg. The latchup
threshold therefore is below LET of 8.3 MeV-cm*/mg.

In Fig. 1, we compare the result of the room temperature and
elevated temperature measurements. These data indicate that
the AD7760 is highly sensitive to latchup, and has an LET
threshold below LET of 8.3 MeV- cm?/mg. Furthermore, the
cross section is relatively large, and gradually rising to about
5x10™ at high LET s (saturation cross section).

In order to determine if latchup for these devices could be
destructive, we removed latchup protection by increasing the
current clamps to 1.9A and current threshold to 2.0 A. This
current setting effectively removes latchup protection by
keeping the latchup protection software from shutting down
the power supply when a latchup is detected. During the
irradiation, the supply current increased to ~1 A and the lack
of output signal from the device indicated that the device was
not functioning normally. To determine if this condition was
recoverable, the beam was turned off and the device power
cycled (power supply was turned off and back on again). The
part was functional after power cycling, indicating that the
high current latchup events were not destructive.
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Fig. 1. Comparison of data obtained at room temperature with the heated
measurement for AD7760. Measurements were performed at the TAMU.

Rate estimates are given for two environments. One is the
galactic cosmic ray (GCR) heavy-ion environment in
interplanetary space during the solar minimum time period
(which is worst case for GCR). The other is the CREME96
solar flare model in interplanetary space at 1 AU [12]. For the
flare model, the worst-week rate was multiplied by 7 days to

obtain a rate that is expressed as an expected number of
latchups per flare. A 100 mil aluminum shield was assumed for
all cases. Note that the GCR environment is insensitive to mass
shielding but the flare heavy-ion environment is very sensitive.
Also, the flare environment is milder for spacecraft-to-sun
distances greater than 1 AU, following a 1/R2 dependence (but
the GCR rate is not affected). The results for 100 mils at 1 AU
are in Table III.

TABLE III: SEL RATES FOR THE AD7760 AT 85°C
(100 mILS, 1 AU)

Environment | Rate Using the Best Rate Using the
Estimate Directional Worst Case
Model Directional Model
GCR 2.9x10%/device-year | 9.1x10?/device-year
Flare 0.15/device per flare 0.43/device per flare

IV. SUMMARY

We have presented SEL data for a variety of commercial
CMOS and BiCMOS devices. The SEL measurements were
performed at room temperature as well as 85°C. The STMicro
TS9S51ILT, Maxim MAX4194, Maxim MAX6050, Texas
Instruments UCC2626, Supertex HV9112NG, and Analog
Devices AD2S80A were latchup immune up to a LET of 84.6
MeV-cm2/mg. Latchups were destructive for the Vishay
SI9112DY and non-destructive for Analog devices AD7760.
We summarized our SEL test results in table I'V.
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Part Number Manufacturer Device Function Test Results
LET in MeV-cm’/mg

TSOS1ILT ST Micro Operational Amplifier SEL LETy, > 84.6

MAX4194 Maxim Instrumentation Amplifier SEL LETy, > 84.6

MAX6050 Maxim 5V Voltage Reference SEL LETy, > 84.6

UCC2626 Texas Instruments Motor Controller SEL LETy, > 84.6

HVI112NG Supertex High Voltage Current Mode SEL LETy, > 84.6
PWM Controller

SI9112DY Vishay High Voltage Switch Mode Destructive
Controller 11.0 <SEL LETy, <19.0

AD2S80A Analog Devices Variable Resolution Resolver- | SEL LETy, > 84.6
to-Digital Converters

AD7760 Analog Devices 24-bits Analog-to-Digital Non-Destructive
Converter (ADC) SEL LETy, <8.4
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