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RESULTS SUMMARY 
 

Facility     RADEF, JYFL, Finland 
 
Test date   December 2009 
 
Device description 
 

Part type:  HM5225165BTT-75 
Description:  256 Mbit SDR-SDRAM 
Package:   54-pin TSOP II 
Technology:   - 
Die dimensions:  8011.66 x 14501.46 µm 
 
 
 
 
 
 
 

 
This test is the follow-up of a test campaign perfo rmed at JYFL on October 2009 where only SEL 
events were monitored. In the present test, 4 fresh  samples were prepared by thinning and were 
found fully functional at ambient and at 85°C durin g set-up check prior to exposure. As a 
consequence, monitoring of SEUs and SEFIs was made possible.  
As this test was primarily focused on SELs and SEFI s, only Xenon ion was used with a relatively high 
flux.  
 
Main results is that SEL occurrence with Xenon is c onfirmed and also the effect of temperature on 
SEL rate; no SEL events was recorded with Xenon at normal incidence angle at ambient 
temperature, while rare events was recorded at 50°C  and 85°C .  
 
Tilting the device increases SEL rate drastically. The saturation cross-section is more than 1e-4 cm2 
at 85°C which is the highest recorded SEL cross-sec tion throughout all test runs.  
 
With tilting angles and the used ion source, having  a limited range, the true cross-section cannot be 
established. With tilting angles the actual LET dro ps and as die thickness varies along the die area 
also the actual LET varies over the die. This has a  strong impact on the measured cross sections 
using tilting angles.  
 
The actual LET at normal incidence angle is between  60 and 69 MeV/(mg/cm2) over the full die area 
for all devices. It still involves some uncertainty , but the cross section data and LET can be 
considered valid at normal incidence angle.  
 
Previous results from October 2009 showed events of  step current increases, which never was 
observed here. Most likely the processing of SEFIs by power reset of the device has mitigated the 
current step events.  
 
On two runs performed at a lower flux, it was possi ble to analyse SEU data, SEU cross-section per 
bit is about 1.5 E-09 cm 2 for Xenon at normal incidence.  
 
Some stuck bits (leaky cells) were counted and for each sample, stuck bits occurrence increase with 
the accumulation of the runs. 
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1 Introduction 
This report presents the results of Heavy Ion test program carried out on ELPIDA 256 Mbit SDR-
SDRAM referenced HM5225165BTT-75. This test was pri mary performed in order to confirm the SEL 
results achieved in tests performed in October 2009  where the devices under test were not fully 
functional. The results from October 2009 are repor ted in RD-2.  
 
The devices were heavy ion tested at RADEF, Univers ity of Jyväskylä, Department of Physics, 
Jyväskylä, Finland 3th December 2009. 
 
This work was performed for ESA under COO No2 under  Contract No 22327/09/NL/SFe dated 
15/10/09.  

2 Applicable and Reference Documents 

2.1 Applicable Documents 
AD-1. HM5225165B Datasheet reference Elpida E0082H1 0 1st edition 
AD-2. Hirex proposal HRX/PRO/2739 Issue 02, dated J une17, 2009 

 

2.2 Reference Documents 
RD-1. Single Event Effects Test method and Guidelin es ESA/SCC basic specification No 25100 
RD-2 Singel Event Effects Test report; HM5225165BTT -75, HM5257805BTD-75, (HRX/SEE/0276) 
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3 DEVICE INFORMATION 

3.1 Device description 
The HM5225165B is a 256-Mbit Simple Data Rate  SDRAM organized as 4,194,304-word x 16-bit x 4 
bank. All inputs and outputs are referred to the ri sing edge of the clock input. 
 
Part Description:  256 Mbit SDR-SDRAM 
Package:   54-pin TSOP II 
Samples Used:  S/N 1, S/N 516, S/N 525, S/N 526 
Top Marking:  5225165BTT75 
Die dimensions:  8011.66 x 14501.46 µm 

 
 

3.2 Sample identification 
Eight samples were prepared to test by Hirex Engine ering. Three of them were delivered by Astrium; 
the rest was bought through Oxygen distributor. The  tests were performed on three samples from 
Astrium with a lot datecode stock “0232” and one co mmercial sample with a lot datecode stock 
“0423”.   
 
 

  

Photo 1 - Top Marking (HM5225165BTT-75) 
Astrium Part 

 

Photo 2 - Die Marking (HM5225165BTT-75) 

  

Photo 3 - Top Marking (HM5225165BTT-75) 
Commercial Part 

Photo 4 - Die Marking (HM5225165BTT-75) 

Figure 1: Device identification 
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3.3 Sample preparation  
 

The HM5225165B sample consists of one die. It is po lished down to a thickness compatible with the 
penetration depth of the ions. At JYFL, minimum ran ge is 89µm with 1.2 GeV Xenon. 
Once the samples are polished down the measurement of their thickness is executed. For this 
purpose the CHRocodile IT measuring system 1 made by PROSITEC Company is used with 1 µm 
accuracy. The data obtained from the system is trea ted with the software made by Hirex Engineering.  
 
Figure 3 provides the % of die area as a function o f die thickness and on the same graph, the LET 
value as a function of penetration depth is also pl otted. 
 
This figure helps for seeing the eventual variation  of the LET value computed with SRIM2008 2 over a 
% of die area for the three samples prepared. 
 
 

3.4 Thickness of the samples 
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1 http://www.precitec.com/measuring-technology/contactless-measuring-sensor-chrocodile-it.html 
2 http://www.srim.org/SRIM/SRIMLEGL.htm 

http://www.srim.org/SRIM/SRIMLEGL.htm
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Figure 2: Thickness of the devices 
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Figure 3 - % of die area as a function of die thick ness together with LET values as a function of 
penetration depth at RADEF 
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4 Test definition  

4.1 Test board 
Figure 4 shows the principle of the Heavy Ion test system. 
 
The devices are clocked at 50 MHz with signals gene rated by a Virtex 5 FPGA (Xilinx). Each memory 
has a dedicated +3.3V analogue supply with current limit set at 200 mA, which is approximately twice 
the nominal memory supply current of 100 mA. The su pply voltage of the memory can reach +3.6 V. 
 
The Xilinx FPGA is powered from a separate external  bench supply. 
 
The test board includes the voltage/current monitor ing and the latch-up management of the DUT 
power supplies up to 16 independent channels. 
 
A temperature Control system is used to heat the DU T. Tests are executed at different temperatures. 
 
The communication between the test chamber and the controlling computer is effectively done by a 
100 Mbit/s Ethernet link which safely enables high speed data transfer. 
 

 

Figure 4: Heavy Ion test set-up 

4.2 SDR-SDRAM Test principle 
SDR- SDRAM is a memory with a complex internal arch itecture that controls its operations. Figure 6  
shows a bloc diagram of a 256 Megabit SDRAM interna l architecture (HM5225165B).  
 
The internal state machine controls all reads and w rites processes. These operations are specified 
by CS (Chip Select), RAS (Row Address Strobe Comman d), CAS (Column Address Strobe 
Command), WE (Write Enable) and address pins. 
 
In order to set the operational parameters of the m emory the mode register is used. The memory is 
configured with the burst length of 1, sequential b urst type, CAS latency of 2, and single write mode.  
 

OPCODE  CAS latency Burst 
Type 

Burst Length 

BA1 BA0 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 

0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 

Figure 5: Mode Register Configuration 
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Figure 6: Block of a 256 Megabit SDRAM internal arc hitecture 

 
For the purpose of reading and writing to the memor y the following steps are executed: 
 
• The memory is initialized ( Precharge all bank  command, Auto Refresh  command) and the 

mode register is configured (Mode register set command); The DUT stays in an idle state. 
• The row is activated ( Row address strobe and bank active  command), and then write 

(Column address and  write  command) or read (Column address and read command) 
operation is executed. 

• The row is precharged ( Precharge all bank  command) and the DUT returns to the idle state 
waiting for the next operation. 

 
To maintain the contents of the memory area, the me mory needs to be refreshed. Two commands 
are dedicated for that: Auto Refresh and Self Refre sh. In our test only Auto Refresh is used. 
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The memory test sequence consists in successive ite ration cycles. The time frame of one iteration 
cycle is approximately twelve seconds. That corresp onds to the time for reading the memory plus the 
time to write to the entire memory and the auto ref resh cycles. In case of errors detection, this cycl e 
time can increase. During each cycle auto refresh c ommand is sent to the memory. The memory is 
continuously exposed to the beam all along the test  sequence. 
 
SEL detection is performed by monitoring the DUT su pply current. The SEL threshold can be 
adjusted during the test, but in general adjusted b efore starting the test. 
 
In order to detect SEU events, the entire memory is  written with the Memory fill algorithm (see Figure  
7) then read with the Memory check algorithm (see F igure 8).   
 
While an error appears the error vector is register ed. It is composed of address of error, type of err or, 
send pattern and received pattern.  
 
LE (Large Error) threshold sets the number of the e rror vectors to be recorded during the test.  
Crossing this threshold the system will stop to reg ister the errors; however the test cycle will be 
proceeded. It avoids the saturation of the test sys tem in case of a high number of errors. LE 
threshold can be selected from 0 (which means no SE U detection applied) to 2 32. 
 
SEFI (Single Event Functional Interrupt) threshold defines the minimum numbers of errors to be 
reached to consider the error as SEFI event. It can  be selected from 0 (which means no SEFI 
detection applied) to 232. 
 
SEFI threshold cannot be smaller than LE threshold.  
 
A SEFI management system is integrated in the test sequence. It allows classifying the SEFI in three 
different types: Soft SEFI type 1 and type 2 as wel l as hard SEFI. Figure 9 shows the details of the 
SEFI classification. Two first SEFI types can be re covered by re-initializing the device; the third ca n 
only be recovered after power off/on cycle.  
 
The run test sequence is manually defined from the Graphical User Interface (GUI) providing the 
choice of test mode, auto refresh period, expositio n time, device configuration, selected banks, SEL 
threshold, LE threshold, SEFI threshold, DUT supply  voltage etc…  
 

Error type  
 

Possible causes  
 

Large Error row or column error 
Write error type 1 Write error 
Write error type 2 Write error 
Write error type 3 Write error 
Write error type 4 Stuck bit 
Read error type 1 Read error 
Read error type 2 Upset 
Read error type 3 Read error 
Read error type 4 Stuck bit 

 
 

 



Hirex Engineering SEE Test Report 
Ref. : HRX/SEE/0287 
Issue : 03 

 

 HRX/SEE/276 Issue 03 Page 12 / 25 

 

Figure 7: Memory fill algorithm 
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Figure 8: Memory check algorithm 
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Figure 9: SEFI management algorithm 
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4.3 Test conditions  
The value of the DUT supply voltage is +3.6V (maxim um rated) in all test runs. Detection SEL 
threshold is set at twice the nominal current value . 
 
All runs have been performed with Xenon at differen t tilt angles. 
 
The tests are done at three different temperatures:  ambient chamber temperature, 50 °C and 85 °C. 
 
Patterns used for SEU and SEFI detection were Check erboard and invert Checkerboard. 
 
The type of test sequence presented in Figure 10 is  used for testing the memory. During the Pre Run 
the DUT is out off beam. When the Run starts the be am is switched on.   
 
As the flux is high, the number of upsets per itera tion is too high to reliably gather SEU data. The t est 
conditions allow mainly detection of Latch-up and S EFI events. 
 
In the first test runs the LE threshold is set at f ifteen thousand and then decreased to fifty (from 
RUN35). 
 
In the first test runs the SEFI Threshold equals th irty five thousand. Since the number of observed 
SEFI events is high the SEFI threshold changes for fifty thousand from RUN 24 and then for one 
hundred thousand from RUN34. 
 
All the tests are performed with the auto-refresh f unction. Since the temperature increases during the  
test, the refresh rate needs to be increased as wel l.  In the two first runs the auto-refresh period 
equals 49 milliseconds then it is set to 25 millise conds.  
 
 

Sequence 1 

 
 

Pre Run 
(Turn off beam) 

 
Memory Initialization 

 
Memory Fill Algorithm with Checkerboard Pattern 

 

 
Run 

(Turn on beam) 

 
Memory Check Algorithm 
  
Memory Fill Algorithm with invert Checkerboard 
Pattern 
 
Memory Check Algorithm 
 
Memory Fill Algorithm with Checkerboard Pattern 

Figure 10: Test sequence used as iteration cycle  
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5 RADEF Test Facility 
Test at the cyclotron accelerator was performed at University of Jyvaskyla (JYFL) (Finland) under 
HIREX Engineering responsibility. 
 
The facility includes a special beam line dedicated  to irradiation studies of semiconductor 
components and devices. It consists of a vacuum cha mber including component movement 
apparatus and the necessary diagnostic equipment re quired for the beam quality and intensity 
analysis.  
The cyclotron is a versatile, sector-focused accele rator of beams from hydrogen to xenon equipped 
with three external ion sources: two electron cyclo tron resonance (ECR) ion sources designed for 
high-charge-state heavy ions, and a multicusp ion s ource for intense beams of protons. The ECR's 
are especially valuable in the study of single even t effects (SEE) in semiconductor devices. For heavy  
ions, the maximum energy attainable can be determin ed using the formula 

130 Q2/M, 

where Q is the ion charge state and M is the mass i n Atomic Mass Units. 
 
Test chamber  
Irradiation of components is performed in a vacuum chamber with an inside diameter of 75 cm and a 
height of 81 cm. 
The vacuum in the chamber is achieved after 15 minu tes of pumping, and the inflation takes only a 
few minutes. The position of the components install ed in the linear movement apparatus inside the 
chamber can be adjusted in the X, Y and Z direction s. The possibility of rotation around the Y-axis is  
provided by a round table. The free movement area r eserved for the components is 25 cm x 25 cm, 
which allows one to perform several consecutive irr adiations for several different components without 
breaking the vacuum.   
The assembly is equipped with a standard mounting f ixture. The adapters required accommodating 
the special board configurations and the vacuum fee d-throughs can also be made in the laboratory’s 
workshops. The chamber has an entrance door, which allows rapid changing of the circuit board or 
individual components.   
A CCD camera with a magnifying telescope is located  at the other end of the beam line to determine 
accurate positioning of the components. The coordin ates are stored in the computer’s memory 
allowing fast positioning of various targets during  the test. 
Beam quality control  
For measuring beam uniformity at low intensity, a C sI(Tl) scintillator with a PIN-type photodiode 
readout is fixed in the mounting fixture. The unifo rmity is measured automatically before component 
irradiation and the results can be plotted immediat ely for more detailed analysis.   
A set of four collimated PIN-CsI(Tl) detectors is l ocated in front of the beam entrance. The detectors  
are operated with step motors and are located at 90  degrees with respect to each other. During the 
irradiation and uniformity scan they are set to the  outer edge of the beam in order to monitor the 
stability of the homogeneity and flux.   
Two beam wobblers and/or a 0.5 microns diffusion Go ld foil can be used to achieve good beam 
homogeneity. The foil is placed 3 m in front of the  chamber. The wobbler-coils vibrate the beam 
horizontally and vertically, the proper sweeping ar ea being attained with the adjustable coil-currents .  
Dosimetry  
The flux and intensity dosimeter system contains a Faraday cup, several collimators, a scintillation 
counter and four PIN-CsI(Tl) detectors. Three colli mators of different size and shape are placed 25 
cm in front of the device under test. They can be u sed to limit the beam to the active area to be 
studied.   
At low fluxes a plastic scintillator with a photomu ltiplier tube is used as an absolute particle count er. It 
is located behind the vacuum chamber and is used be fore the irradiation to normalize the count rates 
of the four PIN-CsI(Tl) detectors.  
JYFL facility is an ESA qualified heavy ion facilit y. Compliance for beam uniformity and fluence 
dosimetry to ESA/SCC 25100 requirements are under J YFL responsibility. 
For the present test, beam rectangular collimator w as set to 20mm by 40 mm. 
Used ions  
The RADEF ion used is listed in the table below. 

 
Ion Energy (MeV) LET (MeV.cm²/mg) Range (Si)  (µm) 

131Xe35+ 1217 32.10 89 

Table 1: Used ion and features thereof 
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6 SEE Test Results 
All along the test sequence the SEE events are reco rded in a log file, and then treated in order to 
classify the type of SEE events. The following even ts are detected: 
 

• SEL 
• Soft SEFI Type 1, Soft SEFI Type 2 and Hard SEFI 
•  SEU Large error:  

o Row errors 
o Column errors 

• SEU errors 
o Write Error Type 1  
o Write Error Type 4 (Stuck Bit) 
o Read Error Type 1  
o Read Error Type 2 (Upset) 
o Read Error Type 4 (Stuck Bit) 
o MBU/SBU 

 
Remarks:  
i. As the memory organization (descrambling) is not  known on this device SCU and MCU 

cannot be computed. 
 
Detailed results of tests are provided in the Table  2 and Table 3.  
 

6.1 Effective fluence  
Test sequence consists in successive cycle iteratio ns. Each time a SEL event occurs, the iteration 
cycle is aborted and eventual SEU errors are skippe d. 
 
The effective fluence corresponds to the total run fluence, minus the time period during which the 
memory is powered off. This time period corresponds  to the number of SELs and Hard SEFIs 
multiplied by one second (one second was the durati on programmed for power off time after SEL 
event and Hard SEFI event). 
 

6.2 Actual LET  
All LET data provided is the LET at the back side s urface. The actual LET at the active region (near 
front side of the die) is a strong function of the thickness of the die and the tilting angle. Figure 3 
gives the computed LET as a function of the vertica l penetration into the die for different tilting an gles.  
 

6.3 SEL 
No SEL has been observed at ambient temperature wit h Xenon at normal incidence. At 50°C and 
85°C only rare events of SEL has been recorded with  a corresponding SEL cross-section / die near 
1.0E-7 cm2. 

 
At 85°C SELs were observed at tilt of 30° with a co rresponding SEL cross-section / die between 
1.5E-06 and 1.5E-5 cm 2.  
 
At about 50°C and with tilt of 30°, some SELs have been observed with a corresponding SEL cross-
section / die between 2 and 4E-07 cm 2. 
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Figure 12: RADEF, 1217 MeV Xenon (LET is computed w ith SRIM 2008
3
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Nota: There is a test artifact when a Latch-up occu rs; it is followed by a hard SEFI due to a wrong me mory reading. 
These Hard SEFIs have been deduced from SEFI Type S tatistics.   

Figure 13: HM5225165BTT-75, #526, RUN 50 

 

6.4 SEFI 
Three types of SEFI have been detected. Figure belo w presents the statistic of SEFI type 
occurrence. Hard SEFI Cross-sectional area per devi ce has been plotted for each tested die. 
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Figure 14: SEFI Type Statistic 

 

                                                      
3 http://www.srim.org/SRIM/SRIMLEGL.htm 
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Figure 15: SEFI Cross-sectional area per device 
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6.5 SEU 
It must be noted that the four samples have been te sted prior to irradiation at 85°C and were 100% 
functional on fourteen bits. Due to a poor connecti on on the interface board, only fourteen bits out o f 
sixteen could be monitored. 

 
Two runs (RUN11 and RUN29) have been performed on S /N4 with a lower flux so that all SEU data 
could be recorded (i.e. the actual number of word e rrors / iteration << LE threshold set at fifteen 
thousand / bank).  

 
The statistics for the SEU events have been plotted  in the Figure 16. One can see that the 
contribution of Multi Bit Upset (MBU) is prepondera nt. Most of these MBUs consist of words with 
two bits in error. 
  
Detailed Results per bank are presented in Table 3 
 
Average SEU/cross-section per bit is: 
 
RUN11,  
LETsurface = 60 MeV/(mg/cm²))  X-section/ bit = 1.4E-09 cm 2 
 
RUN29.  
LETsurface=  84.85 MeV/(mg/cm²))  X-section/ bit=   6.44E-10 cm2   
 
 
In RUN11 the beam had a normal incidence compared t o RUN29 when the beam was tilted with 45 
degree. When the die thickness is below ~53µm the a ctual LET at active region is higher when 
tilted with 45 degree (see Figure 3). The die thick ness of S/N4 varies between ~37 and ~62 µm 
(see section 3.4). This means that the actual LET i n RUN29 was higher than in RUN11; however 
the Auto-Refresh time in RUN11 is twice larger than  in RUN29. The more often execution of Auto-
Refresh cycles in RUN29 might lead to a reduction o f SEU events. That could explain the lower 
cross section recorded in RUN29.  
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Figure 16: SEU Statistics 
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7 Detailed results per run  
 
SEL run results table: 
HRX RUN   Hirex test run number 
Part Type   Type of sample  
S/N    Hirex sample number 
DUT Voltage   DUT supply voltage1 (V) 
DUT Temp   DUT temperature (°C) 
Ion    Ion specie 
Energy    Ion incident energy (MeV) 
LET    Linear Energy Transfer (MeV/(mg/cm²)) 
TILT    DUT tilt angle with beam direction (deg) 
Eff LET    LET / (cos(tilt angle) (MeV/(mg/cm²)) 
Eff Range   Ion range in Silicon (microns) 
Fluence   Cumulated number of ions over the test ru n (cm-2) 
Total Time   Time with beam (s) 
Flux    Effective Fluence (cm -2 x s-1) 
SEL    Number of SELs 
SEL X section   SEL error cross-section per device (cm2) 
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