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1.0 Test Overview 

 

Heavy ion radiation testing was performed on July 31-Aug 1, 2021 at the Texas A&M Cyclotron 

facility (TAMU). The purpose of this testing was to determine the FRAM and SEFI upset rates 

in these devices and whether latchup occurred when they were exposed to heavy ion radiation.   

 

These parts were provided in 16 pin Ceramic SOP packages.  Lids of the devices were removed 

and taped on to allow exposure of bare die for SEE testing. 

 

The memory elements in these devices are ferroelectric storage cells that retain their information 

even when power is removed.  Therefore they are a type of non-volatile memory. Classic 

memory upset testing consists of loading a pattern into memory, irradiating to some fluence and 

then reading the stored pattern.  Any random upsets will then show how sensitive the storage 

cells are to heavy ion radiation.  This type of test was performed on these devices with results 

showing the ferroelectric cells are extremely resistant to heavy ion radiation. 

 

On the other hand, the process of reading information stored in a ferroelectric cell erases its 

contents.  Therefore, internal to the part, a functional “read” of memory actually consists of a 

“read” and an immediate “re-write”.  This read/re-write process involves CMOS analog and 

digital circuitry which is, itself, sensitive to heavy ion strikes.  Thus the act of reading memory in 

a heavy ion environment introduces a secondary way that stored information can be corrupted.  

Tests were included to measure upsets caused in this manner. 

 

It should also be noted that these are serial parts so there were only 6 I/O pins.  Operations were 

performed on the part by shifting information into/out-of the DUT on an 8 bit (1 byte) basis.  For 

instance, a READ operation was performed by pulling the DUT chip-select (CS*) pin low and 

shifting in a 1 byte “READ” command followed by 3 bytes of starting address.  Information 

from the desired address would then be shifted out of the device on succeeding clocks.  As long 

as the CS* pin was held low an internal address counter would automatically increment thru 

memory and information from the memory would continue to be shifted out.  Thus, the device 

would perform an “extended READ” where all memory contents could be read with one READ 

command.  This extended read operation is of special importance since this is how boot memory 

is loaded into FPGAs. 

 

This was a qualification test using multiple devices from one manufacturing lot to verify similar 

behavior across all devices.   

 

Upset testing was performed at room temperature with Vdd = 2.0V.  Latchup testing was 

performed with Vdd = 3.6V and at various temperatures up to 1260C.   

 

No parts ever latched, even when exposed to 1E7 ions/cm^2 at 1150C with ions having an LET 

of 114.4 Mev*cm^2/mg.  One device latched when exposed at 1250C. 

 

Memory storage bits in this technology (ferro-electric) are very resistant to heavy ion radiation. 

All errors were caused by functional failures in the CMOS control circuitry.  A technique was 

identified that would clear upsets in CMOS logic before a READ operation 
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2.0 Test Procedure 

 

Three types of functional tests were performed on these parts: 

 

1) Memory was loaded with a pattern, the part irradiated to some fluence, and the 

pattern read out of the part to see how many bits had been upset.  In the run log these 

tests were labeled, “StdBy-Rad-Read”. 

2) Memory was loaded with a pattern and the part was irradiated to some fluence.  Then 

operations were performed on the part prior to reading to see if upsets could be 

cleared from the CMOS circuitry.  Two techniques were used: 

a. Power cycle the part before reading.  CMOS circuitry is completely initialized 

every time power is applied.  In the run log these tests were labeled, “StdBy-

Rad-PwrCyc/Read”. 

b. Program the part into Deep Power Down (DPD) and then back to normal 

StandBy before reading.  Most CMOS circuitry is powered down in DPD 

mode and CMOS circuitry is initialized when returning to normal StandBy.  

The question was whether this initialization was as complete as when power is 

first applied. In the run log these tests were labeled, “StdBy-

Rad_Sleep/Wake/Read”. 

3) Memory was loaded with a pattern and continuously read while being irradiated.  

Reads of memory are destructive for this technology so a repeated read was actually a 

read/write operation at the cell level.  In the run log these tests were labeled, 

“Continuous READ CB”. 

 

Idd was continuously monitored to see if supply current to the part ever changed.   

 

Figure 1 shows the block diagram for this part.   

 

  
Figure 1. Cypress CYRS15B102, 2Mb FRAM 
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Parts were provided in 16 pin ceramic SOC packages with pinout as shown in Figure 2. 

 

 
Figure 2. 16 Pin Ceramic SOC Package and 

PinOut for CYRS15B102, 2Mb FRAM 

 

DUTs were mounted on small carrier cards for ease of handling and inserted into sockets on the 

test card.  The DUT was heated by installing a heater strip underneath the DUT as shown in 

Figure 3.   
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Figure 3. De-Lidded DUT on Carrier Card with Heat Strip Underneath 

 

DUT temperature was monitored using an IR temperature sensor as shown in figure 4.  

 

 

 
Figure 4. I.R. Temperature Sensor 
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2.1 Parts Identification 

 

Parts were provided with serial numbers permanently printed on the metal lids. This number was 

logged into the test run log and used for traceability and reporting. 

   

2.2 Parts Handling and Storage 

 

These parts are considered sensitive to electrostatic discharge (ESD) and were handled 

accordingly. 

 

2.3 Test Facility 

 

An overview of the TAMU cyclotron facility is shown in figure 5.  Devices were mounted to a 

test board positioned in air in front of the beam exit at the “radiation effects facility” location 

shown in the figure. 
 

 

 
Figure 5. Overview of Texas A&M Cyclotron Facility (TAMU) 

 

All irradiations were performed using the 15MEV tuning of the cyclotron.  Figure 6 shows ions 

available for this tuning  
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Figure 6. TAMU Ions Available with 15MeV Tuning 

 

For this test the following ions were used:  

 

ION  LET (MeVcm2/mg) 

129XE  53.1 -> 61 ( LET can be effectively doubled by tilting DUT 600)  
84KR  29.1 -> 41 
40AR  8.3 -> 15 

   
2.4 Specific Test Requirements 

 

2.4.1 Test Fixtures 

 

Each DUT was permanently mounted to a small carrier card and inserted into a socket on the test 

card.  The test card was then mounted in front of the ion beam exit window.  Figure 7 is an 

overview of the test board.   
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Figure 7. Test Board 

 

 

2.4.2 Cabling 

 

Devices were tested for both latchup and memory upset during this campaign.  Cabling was 

provided to supply power to the DUT.  A USB cable connected to special circuitry on the test 

board for functional testing of the DUT. 

 

2.4.3 Test Procedure 

 

Testing was performed at various temperatures between 20.20C of 1250C.  DUT temperature was 

measured using an IR thermometer before and after each run with elevated temperature. 

 

2.4.4 Data Collection 

 

Major test information was recorded in a “run log” spreadsheet.  Figure 8 shows the data 

associated with one run.  The complete run log is shown in Attachment A. 

 

 
Figure 8. SEE Partial Run Log For Cypress CYRS15B102, 2Mb FRAM 

 

Detailed failure results were also collected as ascii text.  Figure 9 shows a portion of the detailed 

failure log for run 3 which was a static CB test similar the one shown in the partial runlog above.  
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Figure 9. Portion of Detailed Error Log for Run 3, Static CB 

 

The error sequence given in figure 9 with error addresses between 0x00000 and 0x0007F was 

repeatedly seen over the course of the SEU testing.    

 

3.0 Test Results 

 

3.1 SEL 

 

Nine SEL tests were performed on 4 DUTs.  All SEL testing was performed with Vdd = 3.6V, at 

an effective LET of 114.4 MeVcm2/mg and at various temperatures.  Each SEL run was done to 

a total fluence of 1.0x107 ions/ cm2. Figure 10 shows the portion of the run log associated with 

these tests. 

 

 
Figure 10. Portion of Error Log for SEL Tests 

 

Over the course of SEL testing there was only one true latch and this occurred at a temperature 

of 1250C.  No latches occurred in any device when they were heated to 1150C. 

 

When devices were irradiated at 1250C there were many instances where Idd would abruptly 

increase and then return to a low level.  The frequency of these jumps was much less at 1150C.  

One DUT (SN80) had a much higher standby Idd prior to radiation which may have been due to 
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damage in the de-lidding process.  This one part had many more current jumps at 1150C than the 

other parts but this was attributed to whatever caused it’s higher standby current. 

 

Because there were no latches and very few current jumps at a Vdd of 3.6V, die temperature of 

1150C and LET of 114.4 MeVcm2/mg this was identified as a valid specification limit for parts 

from this manufacturing lot. 

 

3.2 Temporary Current Increases 

 

In addition to the current jumps seen during SEL testing there were 5 runs where temporary 

increases in Idd were observed.  Summary of information from these runs is shown in figure 11. 

 

  
Figure 11. Portion of Error Log Showing  Temporary increases in Idd 

 

This increase did not affect part operation.  In run #30 the DUT was read immediately after the 

end of radiation and worked properly.  The fact that the increased current was reset in the other 

runs indicates that the increased current was occurring in the portion of the circuit that was 

powered down & reset by programming the part into DPD and then back to standby.  The fact 

that the increase was only to 18mA meant that this was not classified as a latchup. 

 

3.3 Bit Upset Cross-Sections, Normal Operation 

 

In normal operation a memory will be loaded with information, power will be maintained 

constantly and the part will be periodically read.  During this campaign parts were tested using 

this profile and the associated runs were labeled “StdBy-Rad-Read”. Figure 12 shows the 

resultant bit upset cross-sections when parts were tested using this profile. 

 

 
Figure 12. Bit Upset Cross-Sections, Normal Operation 
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This plot is somewhat confusing until the effects of radiation on supporting CMOS circuitry is 

considered.   

 

First, as was mentioned earlier, many radiation runs would result in a large number of errors at 

addresses in the range of 0x00000 -> 0x0007F.  Instead of being a large number of memory 

upsets this should be considered a single SEFI upset.  The reason this large block of upset 

addresses always occurred at the beginning of memory is not understood at this point and should 

be investigated further. 

 

The second phenomena observed was that some errors would be stable when repeatedly read 

after radiation but would then disappear when power was cycled.  For instance, the error pattern 

read immediately after the run #30 radiation is shown in figure 13.  This same pattern was read 

several times and did not change.  Then power was cycled to the part and all the errors in red 

disappeared, leaving only the errors in the address range 0x00000 -> 0x0007F. 

 

 
Figure 13. Upset Pattern Immediately after Run 30 

 

This behavior seems to indicate there was some upset in the CMOS circuitry that could be reset 

by re-initializing the part. 

 

Various versions of this phenomenon were observed over the course of testing.  Another typical 

profile was when the DUT would be re-written immediately after the static test but before power 

cycling.  After this write the memory could be read with no errors.  However, after subsequent 

power cycling some errors would be detected.  This profile seems to indicate that there was some 

upset in memory decode logic which was reset by power cycling. 

 

Writing after power cycling would always result in proper initialization of the memory pattern. 
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3.4 Re-Initialization Tests 

 

These devices go through an initialization sequence at power-on when Vdd rises above ~1.5V.  

This same initialization sequence is performed whenever a part is returning from Deep Power 

Down (DPD) to normal standby.  The initialization consists of reading configuration information 

from special non-volatile memory and programming various internal control latches and 

registers. 

 

The upset behavior described above seemed to be the result of upsets occurring in CMOS 

circuitry and then being permanently written into FRAM memory as part of the read cycle.  The 

question was whether these CMOS upsets could be partially or completely cleared by re-

initializing the DUTs after radiation but before reading memory. 

 

Two test sequences were devised to investigate this.  In the first sequence parts were 

programmed into DPD (sleep) and then back to normal standby.  In the second sequence power 

would be cycled to the part after radiation but prior to reading.  Two initialization sequences 

were used to determine whether a complete power cycle would have better results than the DPD-

StandBy programming sequence. 

 

The results for tests using these 2 sequences are shown in figures 14 and 15.  Figure 14 shows 

the results when the parts were programmed into and out of DPD.  Figure 15 shows the results 

when power was cycled.  Note that the SEFI failure persisted through both sequences where 

there was sometimes a large block of errors between addresses 0x00000 and 0x0007F.  If errors 

in this region are ignored then there were no additional errors in any part during any run. 

 

 
Figure 14. Run log for “StdBy-Rad_Sleep/Wake/Read” 

 

 

 
Figure 15. Run log for “StdBy-Rad-PwrCyc/Read” 
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3.5 Continuous READ Errors 

 

Continuous read tests were performed by loading memories with a checkerboard pattern and then 

repeatedly reading the entire memory while the device was being irradiated.  Reads were 

performed using an “extended read” protocol.  For this type of operation a “READ” command is 

shifted into the DUT followed by 3 bytes of starting address.  Data from the starting address 

immediately begins appearing at the DUT output on succeeding clocks.  As long as the DUT 

continues to receive clocks and its chips select (CS*) pin is held low it will continue to output 

data from successive addresses.  Internal circuitry increments the address being read.  (Note: this 

is the type of read performed for “boot ROM” operations.) 

 

For the continuous read test an extended read operation would be used to read all data stored in 

DUT memory.  After data from all addresses had been read and the extended read terminated 

then another extended read operation would be started. 

 

One type of SEFI that occurred frequently while doing these tests was that the DUT would stop 

outputting valid information and all subsequent data from that extended read would be 

interpreted as 0xFF.  Data would be good on the following read.  Error data from the entire run 

was logged in ASCII files so this type of SEFI could be identified.   

 

ASCII data also permitted the identification of memory clusters that had been upset.  Previous 

FXR testing suggested that data internal to these DUTs is organized in 64 bit chunks (8 bytes).  

Thus, if an upset occurred during a read/re-write operation it could affect memory at up to 8 

contiguous addresses. 

 

At the conclusion of the radiation exposure the DUTs would be read one last time to see how 

many errors had been generated in memory over the course of the radiation. 

 

A summary of the run log for the read continuous tests is shown in figure 16.  Note that the 

number of times the extended read was terminated and the number of occurrences of 8 sequential 

addresses was added by hand after analyzing the ASCII files of error log data. 
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Figure 16. Run log for Read Continuous Tests 

 

 

This information can be plotted as follows.  First, the bit upset cross-sections for all runs is 

shown in Figure 17.   

 

 
Figure 17. Bit Upset Cross-Sections for  

READ CONTINUOUS Tests 
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Figure 18 is a plot of device cross-sections for the READ TERMINATE SEFIs. 

 

 
Figure 18. Device Cross-Sections for 

 “READ TERMINATE” SEFIs 

 

A Weibull curve for this type of SEFI is included on the plot.  Parameters for this curve are 

shown in figure 19 below: 

 

 

    Onset LET – 2.5 MeV-cm^2/mg 

    Power        - 1.9 

    Width        - 28 

    Saturation   - 8e-5 cm2 

Figure 19. Weibull Parameters for Read Terminate SEFI Errors 

 

 

Figure 20 is a plot of device cross-sections for the occurrence of “8-Address” upsets.  A Weibull 

curve is also shown on this plot using the same parameters listed above. 
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Figure 20. Device Cross-Sections for 

 “8-Address” Upsets 

 

 

4.0 Analysis 

 

CREME96 was used along with the above listed Weibull parameters to calculate the rate of 

occurrence for SEFIs in several orbits.  The results of these simulations are shown in figure 21.  

Copies of the print-outs from the CREME96 runs are included in Attachment B. 

 

 

         Orbit Upsets/Day 

 Space Station, Worst Day      0.00542 

 Geosynchronous, Solar Min      0.000134 

 

Figure 21. SEFI Upset Rates for Several Orbits 

 

Thus, if one of these parts was continuously read while in Geosynchronous orbit during Solar 

Min conditions there would be one SEFI every 7,462 days on average. 

 

Even if “Worst Day” conditions are assumed there would only be an average probability of 

0.54% that a SEFI would occur in Space Station orbit during that day. 
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5.0 Conclusions 

 

These parts appear to be latchup immune up to a temperature of 1150C when irradiated with 107 

ions/cm2 with ions having an LET of 114.4 MeV-cm^2/mg.  This manufacturing lot of 

CYRS15B102 devices passes this parameter to this level. 

 

Actual memory cells are very resistant to heavy ion radiation.  Over the entire campaign no 

errors were detected that were clearly memory cell upsets. Only errors associated with logic 

upsets have been found. 

 

A technique was identified (either power cycling of DPD mode cycling) which will eliminate all 

errors in memory with the possible exception of memory in the range of 0x00000 to 0x0007F. 

 

6.0 Recommendations for Improvement 

 

1. All testing in this campaign used very high flux (10,000 ions/cm2/sec typical) because of the 

low error rates in these devices.  This might have affected the SEFI upset rates.  Further testing 

using lower flux could validate these measurements. 

 

2. Static CB testing was not adequate to determine cross-section of the SEFI upsets for memories 

in the 0x00000 -> 0x0007F address range.  Further testing is recommended to characterize this 

phenomenon and to change the starting address for read / write operations. 
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Attachment A. RUN LOG 
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Attachment B – CRÈME Analysis 
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