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30 krad (Si)

This report covers the radiation characterization results for the devices in the AP54RHC product family.
The report specifies the measured performance impact of TID (Total Ionizing Dosage) up to 30krad(Si).
The results show that the devices passed all parametric measurements within the specified limits.
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1 Scope

The report covers the AP54RHC family, and it details the test procedures, the measurement and irradiation
test setups, and the measured characteristics of the devices before and after being irradiated. The reported
measurement results show that the devices have excellent performance for low-earth-orbiting (LEO) and
other applications up to 30krad (Si).

2 Tested Devices

AP54RHC11 (Triple 3-input AND) and AP54RHC27 (Triple 3-input NOR) were tested. These parts were
burned-in for 240 hours at 125◦C in accordance with MIL-STD-883J, Test Method 1015.10 prior to TID ex-
posure. The burn-in oven, located at Apogee’s Plano based electronics lab is shown in Figure 1 and Figure 2.

Figure 1: Burn-in apparatus Figure 2: Burn-in Oven Internal

Although the AP54RHC11 and AP54RHC27 were the only parts tested in the AP54RHC family, the
remaining parts of the family are Qualified By Similarity given that all parts in the family use the same base
silicon layers. A single top level metal layer is used to set the boolean functionality and is the only difference
between die in the members family, as shown in Figure 6.

3 Irradiation and Testing Setups and Procedure

3.1 Irradiation Facility and Equipment

VPTrad, based in Chelmsford, Massachusetts, served as the irradiation facility and provided an exposure
report dated August 20th, 2020 [2]. As specified there, the dosimetry equipment was based on the BioSpin
e-scan from Bruker [3], and the source was a Gammacell GC220 Cobalt 60 irradiation unit [4], shown in
Figure 3 below. The irradiation rate was 126 rad(Si)/s and the rate at calibration was 136 rad(Si)/s ±6%,
as per a calibration performed on January 3rd, 2020. Figure 4 shows one of the biasing boards that was used
to bias the devices during the irradiation. The jumpers shown in the photo were used to create the desired
biasing conditions for each of the 2 different boards. The boards, referred to as “Board #2 and Board #3”
in the VPTrad report, were irradiated at incremental TID levels, and the devices were removed at specific
dosage levels as detailed in Table 1.The devices remained in these boards while being shipped to the testing
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facility, such that the identity of the tested devices and the TID levels they were exposed to could be easily
confirmed.

Figure 3: Cobalt 60 irradiation unit Figure 4: Biasing board used in irradiation

3.2 Measurement Setup

The devices went through pre-radiation and post-radiation DC parametric and functional testing at the
facility of Apogee Semiconductor in Texas. The devices were tested in a semi-automatic benchtop screening
board interfacing with Keithley 2400 SMUs (Source Measurement Unit) as shown in figure 5. The calibration
certificates of all instruments used can be found in appendix A.

Figure 5: Apogee benchtop screening board Figure 6: Apogee AP54RHC Family Die
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3.3 Test Procedure

The TID irradiation test was done in accordance with the procedures outlined in MIL-STD-883-1 (Testing
Method 1019.9) [5]. During the irradiation at the VPTrad facility, the tested devices were all biased such that
their inputs were tied to either GND or to VDD (3.3V or 5V), to validate all possible bias conditions during
the exposure for common VDD expected in most applications. The boards were exposed to increasing TID
levels at VPTrad, Chelmsford, Massachusetts and the devices were then removed from the biasing boards
at corresponding dosage levels, as specified in Table 1. They were then packed in a pillowstat box and
shipped overnight in dry ice to the testing facility, Apogee Semiconductor’s lab in Texas. Upon arrival, the
devices were unpacked from the dry ice and allowed to warm to ambient/room temperature. These parts
were then tested using the measurement setup described above. The characteristics recorded for each tested
device were compared against what was recorded for it at the same setup prior to its irradiation, as shown
in Figure 7 and Figure 8.

Table 1: List of tested devices and corresponding dosage levels

VDD (V) Device Type Device Serial Number DUT # Dosage (krad (Si))

5

AP54RHC11 819 1 10
AP54RHC11 498 2 10
AP54RHC11 839 3 20
AP54RHC11 813 4 20
AP54RHC11 808 5 30
AP54RHC11 844 6 30
AP54RHC11 810 7 35
AP54RHC11 822 8 35
AP54RHC11 824 9 45
AP54RHC11 801 10 45

3.3

AP54RHC27 740 11 20
AP54RHC27 717 12 20
AP54RHC27 739 13 35
AP54RHC27 712 14 35
AP54RHC11 831 15 45
AP54RHC11 807 16 45

4 Test Results

The parametric and functional results of both the AP54RHC11 and the AP54RHC27 devices pass for all
biasing conditions and across all dosage levels.At TID levels below the specified 30krad(Si) rating for the
AP54RHC Family, the maximum shift in IDD (quiescent power supply current) observed was below 1%.
At TID levels greater than the specified 30krad(Si) limit, the IDD current was observed to exhibit a small
increase in current, but still well within the product datasheet limits. These results are visualized in Figure 7
and Figure 8. There was no significant shift (<1%) observed in the other measured parameters accross all
the radiation levels and biasing conditions. It was noted that DUT 8 and DUT 15 had input pins that were
pulling excessive amount of current, which is indicative of electrical overstress on the gate oxides. Therefore,
their results have been omitted from this report. At the time of publication of this report, the 2 units
exhibiting electrical overstress had been submitted to the failure analysis lab. The results of this will be
published in a separate report.
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Figure 7: Pre radiation and post radiation power supply current all outputs HIGH

Figure 8: Pre radiation and post radiation power supply current all outputs LOW
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5 Exposure Report from VPTrad
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6 Revision History

REVISION DESCRIPTION DATE

A00 Initial internal release. September 5, 2020

For the latest version of this document, please visit https://www.apogeesemi.com.

7 Legal

All product, product specifications and data are subject to change without notice. Apogee Semiconduc-
tor provides technical data (such as datasheets), design resources (including reference designs), relia- bility
data (including performance in radiation environments), application or other design advice, safety informa-
tion, and other resources “as is” and with all faults, and disclaims all warranties, express and implied,
including without limitation any implied warranties of merchantability, fitness for a particular purpose or
non-infringement of third party intellectual property rights. These resources are intended for skilled engi-
neers with understanding of high reliability and high radiation environments and its complexities. Apogee
Semiconductor is not responsible for: (1) selecting the suitable products for a given application, (2) design-
ing, veri- fying, validating and testing it, or (3) ensuring that it meets any performance, safety, security,
or other requirements. These resources are subject to change without advance notice. The use of these
resources is restricted to the development of an application that uses the Apogee Semiconductor products
described in them. Other reproduction and display of these resources is prohibited. No license is granted
to any other Apogee Semiconductor intellectual property right or to any third- party intellectual property
right. Apogee Semiconductor disclaims responsibility and reserves the right to demand indemnification for
any claims, damages, costs, losses, and liabilities arising out of wrongful use of these resources. The prod-
ucts are provided subject to Apogee Semiconductor’s Terms of Sale (https://www.apogeesemi.com/terms)
or other applicable terms provided in conjunction with applicable products. The provision of these resources
does not expand or otherwise alter applicable warranties or warranty disclaimers for Apogee Semiconductor
products. Purchasers of these products acknowledge that they may be subject to and agree to abide by the
United States laws and regulations controlling the export of technical data, computer software, electronic
hardware and other commodities. The transfer of such items may require a license from the cognizant agency
of the U.S. Government.
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A Calibration Certificates
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