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1. Introduction 
The ultra-low dropout (ULDO) positive fixed voltage regulator, 5820-2.5RH, from M.S. Kennedy (MSK) 
was tested for analog single-event transients (ASETs) with a pulsed laser source at the Naval Research 
Laboratory (NRL) on 27 October 2009. The output of the voltage regulator was monitored for ASETs and 
the device current supply was monitored for high-current events. 

2. Devices Tested 

2.1 MSK5820-2.5RH Background 
The MSK5820-2.5RH is a hybrid integrated circuit fixed voltage regulator, which contains controller 
circuitry that governs a power PNP bipolar transistor. The controller circuitry, manufactured by Linear 
Technology, is the RH1573K low dropout PNP regulator driver. It uses the same mask set as the LT1573, 
but has a different passivation. The block diagram of the RH1573K is shown in Figure 1, a picture of a 
delidded MSK5820-2.5RH shown in Figure 2, and a die micrograph of the RH1573K shown in Figure 3. 
The regulating loop consists of a 1.265 V reference, an error amplifier, a Darlington driver and an 
external PNP pass transistor. The RH1573K is the primary target for pulsed laser ASET testing. 
 
 
 
 
 
 

 
Figure 1: LT1573 block diagram taken from the datasheet. A functional description can be found in the LT1573 datasheet. The 
RH1573K, used in the MSK5820-2.5RH, is the same circuit as the LT1573, though the die passivation is different. 

 
 
 

http://cds.linear.com/docs/Datasheet/1573fa.pdf�
http://cds.linear.com/docs/Datasheet/RH1573K%20DICE.pdf�
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Figure 2: Photograph of delidded MSK5820-2.5RH. The external PNP and RH1573K low dropout PNP regulator driver are shown 
with text labels and arrows. Note the scale bar in the lower left-hand corner of the image. This is the orientation of the part as 
the laser sees it. The smallest resolvable feature size is 10 µm. 

 
 
 
 
 
 

 
Figure 3: RH1573K photomicrograph. The location of the RH1573K within the MSK5820-2.5RH case is shown in Figure 2. The 
image has been rotated to match the orientation in Figure 2, so the micrograph legend is in the lower left-hand corner of the 
image. The smallest resolvable feature size is 1.88 µm. 

PNP 

RH1573K 



   
 

  3     

2.2 Device Under Test Information 
One device was exposed to the pulsed laser beam at the NRL. The device lot date code was 0923. The 
DUT was packaged in a hermetically-sealed 5-pin single inline package (SIP) with straight leads. The DUT 
was prepped for test by Timothy Irwin and James Forney by first delidding the package and then 
fastening the DUT to an aluminum heat sink and test board. This ASET test is application-specific and 
requires a custom output filter circuit for the voltage regulator, which is described in the following 
section. Table 1 lists the pertinent information about the DUT. 
 

Table 1: MSK5820-2.5RH Sample Information 

Part Number: MSK5820-2.5RH (SMD: 5962F0921606KXX) 

Manufacturer: 
M.S. Kennedy 
(RH1573K driver manufactured by Linear Technology) 

Date Code: 0923 

Additional Case Markings: 0432, 51651 

Quantity Tested: 1 

Part Function: Voltage regulator 

Part Technology: Bipolar hybrid integrated circuit 

Package Style: 5-pin single inline package 

3. Test Setup 
The test setup is shown in Figure 4 and consists of laptop running LabVIEW for instrument control and 
data capture, a Tektronix 4104 mixed-signal digital storage oscilloscope (1 GHz, 5 GS/s), an Agilent 
6060B electronic load, a Hewlett Packard 6624 4-channel power supply, and two Tektronix P5050 
500 MHz passive voltage probes (10 MΩ, 11.1 pF). The DUT was placed on a test board that included a 
filter circuit. The test board circuit schematic is shown in Figure 5. 
 

 
Figure 4: Block diagram for test setup of the MSK5820-2.5RH. 
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http://www.mskennedy.com/client_images/catalog19680/pages/files/5820RHrc.pdf�
http://www.dscc.dla.mil/Downloads/MilSpec/Smd/09216.pdf�
http://cds.linear.com/docs/Datasheet/RH1573K%20DICE.pdf�
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Figure 5: Circuit schematic used to develop the test board for the MSK5820-2.5RH. The input voltage was set to 3.3 V and the 
output is fixed at 2.5 V. The main application specific filter elements are the three parallel 330 µF capacitors tied to the output 
node. The 0.1 µF capacitors tied to Vin and Vout are used for stability. 

Two voltage probes were attached to the output node (Vout and return), fed back to the oscilloscope, 
and connected to analog channels 1 and 2. Channel 1 was set to trigger on positive transients and 
channel 2 was set to trigger on negative transients, thereby eliminating the need to repeat irradiation 
scans with the laser. Sampling was done at 100 ns/point (10 MS/s), which is sufficient for the size of the 
measured transients. The initial test plan called for the oscilloscope to be DC-coupled to the regulator 
filter output, but the small transient amplitude necessitated an AC-coupled setup to remove the DC 
offset and increase the vertical resolution on the oscilloscope. 

4. Test Description 

4.1 Irradiation Conditions 
The tests were performed at the Naval Research Laboratory (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 microscope objective was used to focus the laser beam down to a full 
width half maximum (FWHM) Gaussian spot of approximately 1.2 µm. Throughout the test, the pulse 
intensity, as measured on a NRL oscilloscope, was kept at 26.6 mV – the laser was also passed through a 
neutral density filter with an optical density of 0.61

                                                           
1 There are many ways to make an estimate of the equivalent LET of the laser pulse when conducting 
SPA. For the present experiment, this was not the goal since the investigators were just evaluating a 
conservative scenario. The term “worst case” has been avoided since it is difficult to confirm such a 
conjecture in an absolute sense The pulse “energy” of 26.6 mV through OD-0.6 is an LET > 100 
(MeV·cm2)/mg. 

. Given these conditions, the resulting charge 
generation in the sensitive silicon layer beneath the back end of line (BEOL) material stack is sufficient to 
conduct a conservative ASET analysis. 
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4.2 Test Parameters and Bias Conditions 
The laser was focused onto the RH1573K die and scanned across the surface to produce transients on 
the filter output. This was done for two different load conditions, which are detailed in Table 2. This was 
an application specific test and the only variable was the load current. Transients were captured at the 
minimum load value of 0.515 A and the maximum load value of 2.45 A. All other values remained fixed 
during testing. 
 
Before performing the experiment at the NRL, we evaluated Joule heating by measuring the case 
temperature of the device under test with a thermistor while passing the maximum application current, 
2.45 A, through the device under test. No increase in case temperature was observed, though as a safety 
margin, the device under test was placed on an aluminum plate acting as a heat sink. 
 

Table 2: Circuit Load Conditions 

DUT 
Number 

Laser Pulse 
Voltage (mV)† 

Neutral 
Density Filter 

Optical Density 

Load Current 
(A) 

Input Voltage 
(V) 

Output Voltage 
(V) 

SN1 26.6 0.6 0.515 5.0 2.5 
SN1 26.6 0.6 2.45 5.0 2.5 

- The relative humidity throughout the test was constant at 45%. 
- The ambient temperature was constant at 22° C. 
† Note that laser pulse voltage is a relative measure of the laser pulse energy and depends upon an 

independent calibration to calculate the pulse energy. 

5. Results 
The laser was scanned across the RH1573K die for each of the current load conditions specified in Table 
2. Several areas on the die were capable of producing transients at the output of the filter and were 
recorded by the oscilloscope. These results are summarized in the plot shown in Figure 6. Four 
representative transients are shown in Figure 7. These represent a distribution sample of the waveforms 
captured, meant as an example and not an exhaustive display. The transients for each of the load 
conditions have bimodal amplitude and width distributions. 
 
One key feature to note is that the transient widths shown in Figure 6 are measured at 10% of the 
transient peak. Some of the measured transients had noise spikes on top of the transient waveform, 
making it difficult to accurately calculate the full width at half maximum (FWHM). Though not true for all 
the transients captured, this data artifact results in artificially short transients, which is why the data 
analysis routine was modified to calculate the width at 10% of the peak value. 
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Figure 6: The transient peak is largest voltage deflection from the mathematical baseline voltage, measured during the pre-
trigger phase. The width is calculated at 10% of the transient peak. The device under test appears to be more sensitive for the 
larger load of 2.45 A than at 0.515 A. The distribution for both load conditions includes positive and negative transients, though 
most are positive for 0.515 A and most are negative for 2.45 A. The third data set shown (blue diamonds) represents transients 
from one location on the RH1573K with the load varied from 0.75 to 1.5 A. As with the two other independent data sets, the 
smaller loads produced predominantly positive transients and the larger loads produced predominantly negative transients. 
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(a) Sample of largest peaks from both load conditions 
 

 
(b) Sample of wide positive transient for 0.515 A load  

(c) Sample of positive transient for 2.45 A load 
 

Figure 7: Four representative transients for the circuit load conditions listed in Table 2. The transient width measurements 
shown in Figure 6 are measured at 10% of the peak voltage deflection. The transients at the lower load value are smaller and 
shorter than the transients at the higher load value. In both load cases, the transients have positive and negative polarities, 
though one trend is always dominant – 0.515 A is positive and 2.45 A is negative. For the largest transients, shown in (a), there 
is an approximately 100x difference in the time base. That same difference persists for the other two transients shown in (b) 
and (c). 

6. Conclusions and Recommendations 
The MSK5820-2.5RH and accompanying filter tested here showed transients less than ±125 mV in 
amplitude for both load conditions under the same input and output bias conditions. The transients 
widths, measured at 10% of the peak voltage, ranged from a few hundreds of nanoseconds to several 
hundred microseconds. The transients at the smaller load value, 0.515 A, had scattered widths and 
generally positive amplitude. The exception is a group of small negative transients around 20 µs in 
width. The transients recorded at the higher load value, 2.45 A, were smeared out in a band of negative 
pulses from 10-200 µs save several positive transients around 20 µs in width. No high-current events 
were observed. 
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Based on the pulsed laser test results, the MSK5820-2.5RH is recommended for use in NASA/GSFC 
spaceflight applications, but may require transient mitigation (i.e., filter) techniques like those 
demonstrated in this report.
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7. Run Log 
Table 3: Run log for ASET transient experiment on the MSK5820-2.5RH 

Run # Part 
Type 

Time Pulse Voltage 
(V) 

ND Filter (OD) Load (A) Target Comments 

1-2 5820 11:52 2.66E-02 0.6 0.515 RH1573K dice 

Present: Jonny, Jim, Dave, Megan, Steve, 
and Dale. Transients observed. DPO is AC-
coupled instead of DC-coupled to avoid DC 
voltage offset. Two modes -- some are ~50 
us and others are 50-100 ns. Most 
amplitudes are about positive and about 
50 mV, though some are 20-30 mV. Did 
observe a few places where we saw 
negative going transients. Temp: 71.5 deg, 
45% RH. 

3 5820 13:10 2.66E-02 0.6 2.45 RH1573K dice 

This is run 3, where we increased the load. 
-- 3rd run for this part. Mostly negative 
transients, some about 100 mV lasting 120 
us. There is a small positive transient in a 
couple of places. 

4 5820 13:55 2.66E-02 0.6 Varied RH1573K dice 

Smaller load means smaller transients. 
This is Run #4. Down to 1.5, 1.0, 0.75. 0.75 
A is on the threshold of the trigger. Trigger 
is +/- ~30 mV. The positive transient gets 
bigger with decreasing load and the 
negative transient get smaller with 
decreasing load. 
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