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1.0 Test Overview 
 
Single Event Effects (SEE) testing was performed on Cypress Semiconductor 

CYRS1543AV18 72-Mbit QDR SRAMs on 9/10 Dec, 2010 at the Texas A&M University 
Cyclotron facility.  Memory on this device is accessed via an 18 bit wide data buss.  Because of 
the QDR architecture there are 18 inputs (D0 – D17) and 18 separate outputs (Q0 – Q17).  Write 
and READ operations are both done in bursts of 4 to successive internal memory locations. 

 
Internally read and write operations are 72 bits wide as shown in figure 1.  Control logic 

and latches convert the internal memory architecture to the “X18” architecture seen externally. 
 

 
Figure 1.  Functional Diagram for CYRS1543AV18 

 
Testing was performed using a JD Instruments Algorithmic Test Vector (ATV) system.  

The main chassis of the tester was located in the SEE irradiation room and connected to the test 
head mounted on the actuating arm of the chamber.  A USB cable connected the tester to a 
controlling computer located in the experimenter area. 

 
These devices were packaged in column grid array (CGA) packages which had their lids 

attached with tape.  They were permanently mounted to small carrier cards to make handling 
them easier at the facility and to prevent damaging them when their tops were removed.  An 
overview of the carrier card is shown in figure 2. 
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Figure 2.  Carrier Card for CYRS1543AV18 
 
All testing was done with one device at a time inserted into a test card mounted on the 

ATV test head.  Circuit schematics for the test card are shown in attachment 1. 
 
Testing was performed by Jake Tausch of JD Instruments and Helmut Puchner of 

Cypress Semiconductor. 
 
Testing was done in compliance with ASTM F1192, “Standard Guide for the 

Measurement of Single Event Phenomena (SEP) Induced by Heavy Ion Irradiation of 
Semiconductor Devices” and also in compliance with EIA/JESD57, “Test Procedures for the 
Measurement of Single-Event Effects in Semiconductor Devices from Heavy Ion Irradiation”. 

 
  Results from previous testing on commercial versions of the part were used to select 

LET values for testing in order to test portions of the LET vs. Cross-section curve required by 
EIA/JESD57.  Previous test results from commercial parts are included in this report for 
comparison purposes and are clearly differentiated from results for the part version being 
qualified herein. 

 
Four types of tests were performed: 
 

1. Static Bit Upset 
a. Checkerboard Pattern 
b. Data at each address = Lower 18 bits of address (D=A) 

2. Dynamic Test of Control Logic 
3. Latchup 
4. Single Event Functional Interrupt (SEFI) 

 
Five parts were measured at every condition.  For all tests, including static upset tests, the 

parts were continuously clocked at 250MHz. 
 

Three ion species were used for this test.  Copper (63CU) was used for LETs between 20 
and 30 (MeV*cm^2)/mg,  Nitrogen (14N) for LET = 1.3 (MeV*cm^2)/mg, and Xenon (129Xe) 
for LETs between 53 and 120 (MeV*cm^2)/mg. 
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Testing was performed using the 15 MeV SEE beam.  Parts were irradiated in air at a 
distance of 30mm from the aramica window of the source.  Figures 3 and 4 show the range vs. 
LET for various ions available with this set-up.  Note that all ions used had a range >120u in 
silicon  

 

 
Figure 3.  Ion Range vs. LET, Various Ions, 15 MeV beam,  

Texas A&M Cyclotron  
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Figure 4.  Ion Range vs. LET, low LET Ions, 15 MeV beam,  

Texas A&M Cyclotron  
 

 
Figure 5 shows a cross-section for devices manufactured at this technology node.  Note 

that all parts were manufactured using 3u epi wafers and that the total thickness of all overlayers 
was 5.5u.  Any sensitive nodes must be within the 3u silicon layer and underneath the overlayers.  
Thus, ions must have a penetration depth of at least 8.5u to insure they reach all sensitive nodes.  
Since the actual range for the all ions is ~120u then they are sufficient for this test. 
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Figure 5.  Device Cross-section in Angstroms  

 
 
Accumulated total dose was tracked for each DUT over the course of testing (see 

Attachment 2. Run Log).  Dose was calculated in the Run Log as LET * Fluence * 1.602E-5 and 
this agreed exactly with the dose as reported by the TAMU facility in run sheets.  

 
Since all 5 DUTs were subjected to the same test sequence their resultant accumulated 

dose was very similar, ranging from 20.2K rad(Si) to 28.1K rad(Si).  The variation in dose was 
due to some test exposures being performed more than once on some parts.   
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These parts have previously been tested for total ionizing dose (TID) effects using 60CO 

and have shown no sensitivity below doses of several hundred thousand rad(Si).  The dose 
accumulated during these tests is not considered significant. 
 
2.0 Latch-Up 

 
These parts were tested for single event latch-up (SEL) at a single “worst case” condition 

of  LET=120 (MeV*cm^2)/mg, Temp=1250C and Vdd = Vddq = 1.9V.  Latchup would be 
indicated by a sudden increase in Idd although a pattern was repeatedly written/read to the entire 
memory during the exposure runs so any occurrences of SEFI (Single Event Functional 
Interrupt) would have also been detected (see section 6.0 for further discussion of SEFI test 
sequence). 

 
The LET value of 120 (MeV*cm^2)/mg was achieved by degrading the Xe ion to a 

normal incident LET of 60 (MeV*cm^2)/mg  and irradiating the DUT at an angle of 60 degrees. 
 
A DUT temprature of 1250C was achieved by placing strip heaters underneath the carrier 

card of each DUT and heating the carrier card/DUT from the back side.  An infrared 
thermometer was used to measure the actual die temperature.  The infrared thermometer had a 
calibrated accuracy of +/- 10C (see figure 6). 

 
Figure 6.  Infrared Thermometer 

   
Five temperature measurements were made on each die prior to SEL irradiation to insure 

the temperature of the carrier card/DUT combination had reached stable (no large temperature 
gradient).  The die temperature was considered to be the average of all 5 readings. 

 
Figure 7 shows typical temperature measurement results for one DUT prior to SEL 

irradiation. 
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Figure 7. Distribution of Measured Temperatures Across DIE  

 
Table 1. shows the 5 temperature measurements for each of the 5 DUTs prior to SEL 

irradiation as well as the average DIE temperature. 
 

 
Table 1. SEL DIE Temperature Measurements 

 
 
Each of the 5 DUTs were irradiated to at least 1E7 ions/cm^2 and none of them exhibited 

any increase in power supply currents.  DUT SN5 was actually irradiated to 1.39E7 ions/cm^2, 
again with no increase in power supply currents. 

 
Combining results from all SEL runs, 5 devices were exposed a total of 5.43E7 

ions/cm^2 at an LET of 120 (MeV*cm^2)/mg and temperature of 1250C with no evidence of 
latchup.  The conclusion is that these parts are not susceptible to latchup from heavy ion 
irradiation.  Further, no SEFI failures were ever detected during this elevated temperature, high 
LET testing. 
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3.0 Memory Upsets 
 
Memory upset testing on these parts tests was performed with Vdd = 1.7V and Vddq = 

1.4V.  Upset behaviour was determined by loading them with a fixed pattern, irradiating to some 
fluence and then reading the pattern back.  Two patterns were used: checkerboard and “D=A”.  
The D=A pattern is one in which the data at any given address is the same as the lower 18 bits of 
the address.  Even though this was a static test the parts were operated at a constant clock 
frequency of 250 MHz.  Writing and reading was performed in bursts of 4. 

 
In accordance with EIA/JESD57, LET values should be chosen to yield cross sections 

relative to saturation of 75-80%, 50%, 25%, 10% and Onset.  Results from previous testing of 
commercial parts were used to select LET values that would give these results.  Table 2 shows 
that the results from this test closely match the recommended values.  

 

 
Table 2. Static Upset Cross-Sections for CB Data 

 
Static upset results for the checkerboard pattern are plotted in figure 8.  
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Figure 8. Static Upset Cross-Sections, Checkerboard Pattern 

 
Figure 9. shows the cross-section measurements for both the checkerboard and D=A 

patterns.  This plot shows that there was no pattern sensitivity to the upsets. 
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Figure 9. Static Upset Cross-Sections, Checkerboard and D=A Patterns 

 
Commercial versions of this part have been tested extensively for SEE.  For comparison 

purposes, Figure 10 shows data from the present test plotted along with data measured on 
commercial versions of this part type in previous tests   
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Figure 10. Static Upset Cross-Sections, Including Data From Previous Tests 

 
Figure 10 is plotted on log-log scales so that data points at much lower LET values can 

be seen.  From this plot it is obvious that parts tested here had very similar heavy ion response to 
commercial parts tested previously.  It should be noted that data from previous tests were 
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performed on parts with slight manufacturing variations (splits) which explains why they vary 
slightly from the present parts. 

 
Figure 10 also includes a Weibull curve fitted to the data.  Weibull parameters for this 

curve are as follows: 
 

OnSet LET = 0.13 MeV/(mg/(cm^2)) 
Width = 40 
Exponent = 1.7 
Saturated X-Section = 15 u^2 = 1.5e-7 cm^2 

 
4.0 Multi-Cell Upsets 

 
These parts are designed so that memory cells for any given bit position are “tiled”.  

Thus, for example, all cells containing information that will be read out in the logical bit “0” 
position will be co-located in one physical array and this will be separated from other “tiles”.  
The result is that a multi-cell upset event from one heavy ion strike will present itself, when the 
part is read, as multiple upsets, all at the same bit position, but at different logical addresses.  
Examples of this pattern are shown in figure 11 where portions of recorded error logs are shown 
after a part has been exposed to several ions with increasing LET values. 
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LET = 1.8
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LET = 115.6  (110 deg-C)  
 

Figure 11.  Multi-Cell Memory Upset Patterns With Increasing LET ions 
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One interesting feature of the error logs recorded by the ATV test system is that the 
information for each failing address includes the logical address, expected pattern, pattern of 
failing bits and also a count of the number of bits that failed at that address (“#Bit” column in the 
error log).  From this it is easily seen that, even though higher LET ions caused multiple cells to 
upset, there were no instances of multiple bits failing at any address.   

 
In fact, for all static testing performed on this set of parts there was never an instance 

where 2 or more bits were upset at any address.  It should be noted that all static tests were 
designed to limit the total number of bit upsets from any one exposure to 20,000 or less.  This 
limited the probability of multiple bits being upset at any address from separate, random ion 
strikes.  Thus, the conclusion is that multi-cell upsets from any single ion strike will never cause 
a multi-bit failure at any address so that these memories are well suited to EDAC. 
 
5.0 Control Circuitry Upsets 

 
Control circuitry for these parts includes such things as address decoding logic, write 

strobes, sense amps, data latches, clock trees, etc.  Special dynamic tests were performed to 
detect upsets in the control circuitry of these parts. 

 
 The dynamic test consisted of writing to a burst of 4 addresses and then immediately 

reading from those same addresses.  This was started at address “0” and continued through the 
entire address space of the DUT.  The pattern used for this test was “D=A”.  Since the data 
pattern was present for such a short time in the memory addresses space being exercised then any 
upset would most likely come from strikes on control logic circuitry. 

 
In fact, upsets were recorded in the control logic portion of these parts and they had a 

distinctly different character from random memory upsets.  Figure 12 shows a portion of one 
error log from a control logic test.   

 

 
 

Figure 12.  Typical Control Logic Memory Upset Patterns 
 
Note in this error log that one control logic upset occurred in test #40 and another didn’t 

occur until test #81.  In this case the test number corresponds to a write/read sequence through 
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the entire memory space (4,194,304 addresses) using the burst address sequence described 
above.  Thus, the entire memory was completely written and read 41 times between control logic 
upsets so their occurrence was extremely rare.  In fact, for a total fluence of 5E5 ions/cm^2 there 
was typically 4-5 control logic errors. 

 
A strike in the control logic circuitry typically resulted in a burst of multi-bit failures that 

could not be corrected using EDAC.   
 
The probability of a control logic upset is very small.  Figure 13 shows the cross-section 

of static memory upsets compared to the cross-section of control upsets when both are plotted as 
device level upsets.  This plot shows that the difference in saturated cross-sections for the two 
types of events are approximately 6 orders of magnitude apart. 
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Figure 13.  Checkerboard and Control Logic  

Device Level Cross-Sections 
 
Figure 13 also shows a Weibull curve fitted to the control upset data. Weibull parameters 

for this curve are as follows: 
 

OnSet LET = 0.13 MeV/(mg/(cm^2)) 
Width = 20 
Exponent = 1.7 
Saturated X-Section = 900 u^2 = 9.0e-6 cm^2 
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6.0 SEFI Behaviour 
 
A Single Event Functional Interrupt (SEFI) is an upset in some portion of the device 

which causes continuing device failure until the device is reset or power cycled.  No SEFIs were 
ever observed on any of these devices over the course of the entire test.  Even when the devices 
were being tested for SEL they were being constantly exercised with the control logic upset 
algorithm (Write/Read, D=A, 4 address burst) to insure that they were functioning correctly. 

 
Since no SEFIs were ever observed over the course of this test then we can combine the 

fluences from all devices and say that no SEFIs were observed when irradiated with various ions 
that had a combined fluence of 6.9E7 ions/cm^2. 

 
 

7.0 Calculated Upset Rates  
 
The Weibull fit for these devices had the following values: 
 
Memory Upsets (bit): 
 

OnSet LET = 0.13 MeV/(mg/(cm^2)) 
Width = 40 
Exponent = 1.7 
Saturated X-Section = 15 u^2 (1.5e-7 cm^2) 
 

Control Upsets (device): 
 

OnSet LET = 0.13 MeV/(mg/(cm^2)) 
Width = 20 
Exponent = 1.7 
Saturated X-Section = 900 u^2 (9.0e-6 cm^2) 
 

Using these values the following device upset rates were calculated for various orbits 
using CREME96. 

 

 
 

Figure 14. Upset Rates for Various Orbits 
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8.0 Conclusions 
 
These parts all behaved very similarly when exposed to heavy ion radiation.  Upset 

behavior was simple and repeatable.  None of the parts latched up and none of the parts showed 
SEFI behavior.  No single ion strike ever caused multiple bit upsets at one logical address so 
these memories should behave very well when used with a simple EDAC scheme such as 
Hamming. 
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Attachment 1. Test Board Schematic 
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Attachment 2. Run Log 
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