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1. Introduction 
This study was undertaken to determine the preliminary single-event transient (SET) susceptibility of the 
MSK5978RH low dropout, positive, 0.7 A, adjustable linear regulator. The device was monitored for 
transients on the voltage output signal while exposing it to a pulsed laser beam at the Naval Research 
Laboratory (NRL) laser test facility. 
 
The sensitive structure within the MSK5978RH is the RH3080, which integrates a PNP pass transistor and 
the regulation control loop circuitry onto a single die; this makes this part fundamentally different than 
the usual RH1573K/pass transistor combinations in MSK’s other LDO regulators. It offers a unique 
architecture featuring a precision current source and voltage follower which allows the output to be 
programmed. Multiple regulators can be paralleled to increase total output current and spread heat 
over a system PC board with no need for heat sinking. The pass transistor collector can be brought out 
independently of the circuit supply voltage to allow dropout voltage to approach the saturation limit of 
the pass transistor. As with other regulators, the output must have capacitor with low equivalent series 
resistance (ESR) for stability. 
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2. Devices Tested 

2.1 MSK5978RH Background 
 

 
 

(a) 

 
 

(b) 

 

 
 

(c) 
 

Figure 1: (a) Schematic drawing of the DUT from the MSK5978RH datasheet, (b) image of de-lidded DUT on the test board 
[orientation of pins is the same as in (a)], and (c) the recommended DUT card schematic, again from the MSK5978RH datasheet. 
Note that for several of the bias conditions where VOUT is close to VIN, VCTL was not tied to the input because the dropout on the 
CTL pin was too high. In those cases, VCTL was tied to a separate, higher voltage supply. 

Table 1: Passive component values for the PCB shown in Figure 1(c) 

COMPONENT VALUE 
RSET (0805 SMD type) 499 kΩ, 330 kΩ, 150 kΩ 

RLOAD (thru-hole) 

33, 10, and 4.7 Ω (1 W); 
1 Ω (1/2 W); 
33, 3.6, and 2.4 Ω (1/4 W); 
Electronic load (BNC) 

Ceramic caps (0603 and 0805 SMD types) 0.1 μF and 1.0 μF 
Tantalum caps (Kemet T495D226K035ATE250) 22 μF, 35 V, ESR of 0.25 Ω 
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(a) 

 
 

(b) 
 

 
 

(c) 
Figure 2: Package and die images of the MSK5978RH. The sensitive targets are visible in (b) and closer in (c). The pass transistor 
is the fingered structure on the right hand side of (b) and (c). The pass transistor is relatively insensitive to SETs. The area 
scanned for SETs is on the left hand side of (b) and (c), which represents  

2.2 Device Under Test Information 
Seven devices were exposed to the pulsed laser beam at the NRL. The device lot date code was 1028. 
The DUT was packaged in a small hermetic 10-pin ceramic flat pack with straight leads. The DUT was 
prepped for test by delidding the package after the DUT was soldered to the PCB. This analog single-
event transient (ASET) test is application-specific and uses RSET and RLOAD resistor combinations specific 
to the project for which it was tested. Table 2 lists the pertinent information about the DUT. 
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Table 2: MSK5978RH Sample Information 

Part Number: 
MSK5978RH (MS Kennedy) 
RH3080MK dice (Linear Technology) 

Manufacturer: M. S. Kennedy Corp. 

Date Code: 1028 

Additional Case Markings: 
51651 
Δ USA 

Quantity Tested: 7 

Part Function: LDO regulator 

Part Technology: Linear bipolar 

Package Style: 10-pin ceramic flat pack, straight leads 

 

3. Test Setup 
The test setup is shown in Figure 4 and consists of two laptops running LabVIEW for instrument control 
and data capture, a Tektronix MSO4054B oscilloscope (500 MHz, 5 GS/s), an Agilent N6702A modular 
power system (4x N6734B power modules), and an Agilent 6060B electronic load. Twisted pair, banana 
plug, and BNC connections were used to supply power to the device under test (DUT). BNC coaxial cable 
was used to transmit the output voltage signal into the oscilloscope. The oscilloscope was AC-coupled to 
the coaxial cable with a 1 MΩ input. The oscilloscope and power supply were connected to their 
separate laptops via the GPIB interface using a GPIB-USB converter from National Instruments (NI GPIB-
USB-HS). The electronic load, when used, was treated as a separate instrument and controlled through 
the front panel interface. This is shown in Figure 3. 
 

 
Figure 3: Block diagram of test setup. 

http://www.mskennedy.com/documents/5978RHrc.pdf�
http://cds.linear.com/docs/Datasheet/RH3080MK%20DICE.pdf�
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4. Test Description 

4.1 Irradiation Conditions 
The tests were performed at the NRL using their single-photon absorption (SPA) setup. This system has 
been discussed in several refereed publications and will not be covered in detail [1-3]. The laser 
wavelength is 590 nm, has a pulse width of approximately 1 ps, and is operated at a 1 kHz repetition 
rate. A 100x and 10x microscope objective were used to focus the laser beam down to a full width half 
maximum (FWHM) Gaussian spot of approximately 1.2 µm (with the 100x objective). Throughout the 
test, the pulse intensity, as measured on a NRL oscilloscope, was controlled using a waveplate polarizer 
and multiple neutral density filters with different optical densities for logarithmic coverage. Given these 
conditions, the resulting charge generation in the sensitive layers beneath the back end of line (BEOL) 
material stack is sufficient to conduct a conservative ASET analysis. 

4.2 Test Parameters and Bias Conditions 
The laser was focused onto the MSK5978RH die and scanned across the surface to produce transients on 
VOUT. This was done for several input/output voltage and output load combinations, which are detailed 
in Table 3. This was an application specific test. Transients were captured for all test conditions. In order 
to convert from laser pulse voltage to pulse energy, the conversion applied is 0.224 pJ/mV at an optical 
density of 1. The optical density of the neutral density filters used logarithmically modulates the laser 

pulse irradiance according to �𝐼 𝐼0� � = 10−𝑑, where 𝐼0 is the un-attenuated irradiance and 𝑑 is the 

optical density. This step is required because the laser pulse energy is interpreted through a light-
sensitive target connected to an oscilloscope, so the pulse energy is proportional to a peak voltage. 
 

Table 3: Test Conditions Examined 

Vin (V) Vout (V) Iout (mA) 
16 15 150 
5.6 5 200 
5 3.3 50 

3.9 3.3 200 

2.2 1.5 
180, 500 

(fixed resistors and e-load) 
- The relative humidity throughout the test was constant at 45%. 
- The ambient temperature was constant at 21° C. 
† Note that laser pulse energy was held constant at 4.6 pJ with neutral density at OD-1. 
 

5. Results 
We scanned the laser across the MSK5978RH die for each of the input, output, and load conditions 
specified in Table 3. As expected, the pass transistor was insensitive to the laser pulse and did not 
produce transients. The pass transistor controller circuitry, shown on the left hand side of the die in 
Figure 2, did produce transients. The transients were generally bipolar in nature with peak-to-peak 
amplitudes less than 200 mV and widths less than 100 μs. These results are summarized in XXXX and 
XXXX. The only real difference in transient behavior came when VCTL was tied to VIN, in the case of DUT3 
with VIN = 5 V to VOUT = 3.3 V. In that case, the transients had an unusual linear portion between the 
beginning and the end of the ASET. This elongated the ASET and changed the maximum amplitude. 
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(a) 16 -> 15 V; 150 mA 

 
(b) 5.6 -> 5 V; 200 mA 

 
(c) 5 -> 3.3 V; 50 mA 

 
(d) 3.9 -> 3.3 V; 200 mA 

 
(e) 2.2 -> 1.5 V; 180 mA 

 
(f) 2.2 -> 1.5 V; 500 mA 

 
Figure 4: Transient scatter plots for the six device conditions tested. All charts have the same ordinate range, though (c) covers 
an extra order of magnitude in the abscissa due, apparently, to the fact that VIN and VCTL were hard-tied in that scenario instead 
of independent. 
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(a) Typical bipolar transient of large magnitude 

 
(b) Different behavior for DUT3 (5 -> 3.3 V; 50 mA) 

 
Figure 5: Sample large transients from several different runs. The bipolar transient in (a) was typical of all the setups with the 
exception of DUT3, shown in (b). Apparently tying the input voltage and input control pin changes the nature of the feedback 
loop(s). Despite the different fingerprint of this behavior, the magnitude did not shift much. However, the duration was 
increased by a factor of two. 

6. Conclusions and Recommendations 
The MSK5978RH tested here showed transients less than 200 mVpp in amplitude for all input and output 
conditions up to a laser pulse energy of 4.6 pJ. The transients widths, measured at 10% of the peak 
voltage, were less than 100 μs. The laser pulse energy used is sufficiently conservative to be confident 
that the worst case behavior has been bounded assuming that charge generation depth is not a serious 
contributor to device response. In space, this assumption may be violated, but it is assumed that the 
intended application employs both hardware and software filtering techniques that should mitigate 
ASET glitches. 
 
Linear bipolar technologies generally suffer from elevated single-event cross sections due to large 
sensitive regions within the layout. The testing conducted here seems to suggest that the response 
saturated quickly with increasing laser pulse energy. We assume that these ASETs bound the heavy ion 
response of the device, taking into account the caveat spelled out in the previous paragraph. 
 
Based on these results, the MSK5978RH is recommended for use in NASA/GSFC spaceflight applications, 
but may require transient mitigation (i.e., filtering) techniques to reduce the effect of ion-generated 
transients. However, ultimate acceptability for flight use shall be determined by the designers and 
system engineers responsible for the subsystem that incorporates this analysis. 
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7. Run Log 

Run 
# 

Part 
Type 

DUT 
# 

Pulse 
Voltage 

(mV) 

ND 
Filter 

Vin 
(V) 

Vctrl 
(V) 

Vout 
(V) 

Load 
(mA) 

Power 
(W) 

Additional Comments 

1 5978 1 20.8 1.0 16 17 15 150 2.25 

Scanning whole die with 20x 
objective. Positive going transients 
with 20 mV trigger. AC coupled, 1 
Mohm. 

2 5978 1 20.8 1.0 16 17 15 150 2.25 

Negative going trigger at -40 mV. 
Transient behavior on the negative 
side is basically the same. WC SETs 
are 32 us and 150 mV ptp. 

3 5978 2 20.8 1.0 5.6 17 5 250 1.25 
Technically the input current, but 
output resistance is quite low. Took 
iPhone pic of dbl exponential SET. 

4 5978 2 20.8 1.0 5.6 17 5 250 1.25 
Some bigger negative transients, but 
nothing more than 100 mV or so one 
way, 

5 5978 2 20.8 1.0 5.6 7 5 250 1.25 

Switching Vctrl to a lower voltage for 
comparison. A lower Vctrl seems to 
produce a longer transient, primarily 
affecting the negative-going part of 
the SET, making it longer and 
increasing the ptp amplituide. 

6 5978 3 20.8 1.0 5 XXXX 3.3 50 0.17 

This run will have no separate Vctrl 
power -- tied directly to Vin and as 
such will be set to 5 V. Triggering on 
positive-going SETs. 

7 5978 3 20.8 1.0 5 XXXX 3.3 50 0.17 

Negaive going transients with a -30 
mV trigger. Again, the shape of the 
bigger bipolar transients is very 
different in this setup -- linear in the 
middle instead of the usual rounded 
shape. This also makes them a lot 
longer -- ~80 us. 

8 5978 4 20.8 1.0 3.9 7 3.3 225 0.74 
Positive going transients with +20 
mV trigger. No noticeable difference. 
Going to negative transients. 

9 5978 4 20.8 1.0 3.9 7 3.3 225 0.74 
Negative transients with -30 mV 
trigger. 

10 5978 4 20.8 1.0 3.9 7 3.3 225 0.74 

Same scope settings as the last run, 
though we changed to the 100x 
objective to check if the spot 
size/power density makes a 
difference. It does not appear to 
affect the SETs. 
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11 5978 5 20.8 1.0 2.2 7 1.5 180 0.27 
Positive going transients with +20 
mV trigger. 

12 5978 5 20.8 1.0 2.2 7 1.5 180 0.27 
Negative going SETs with a -30 mV 
trigger. Again, no demonstrable 
change so far. 

13 5978 6 20.8 1.0 2.2 7 1.5 500 0.75 Positive going transients -- 20 mV 

14 5978 6 20.8 1.0 2.2 7 1.5 500 0.75 Negative going transients -- -30 mV 

15 5978 6 20.8 1.0 2.2 7 1.5 500 0.75 
Negative transients -- 100x 
objective. Logfile is 16 for this run -- 
no run 14 in the logfile. 
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