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JUICE NAND FLASHs Total dose radiation tolerance  
 

ESA-CNES Radiation Final Presentation Days on 
Space Environments and Radiation Effects  

on EEE components 

Main objective: Assess commercial state-of-the art memories radiation 
tolerance for JUICE mission. 

Presentation focused on Nand Flash  total dose radiations tolerance 

ITT AO/1-7740/13/NL/HB - Radiation testing of memories for the JUICE Mission 
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NAND FLASH parts selection 
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Parts Selection 
and criteria 

 Key drivers for memory selection: 
 Mission lifetime is more than 11 years in space (7.6 years cruise and 3.5 years in the Jovian system). 
 Without massive shielding mass, total ionizing dose required 200 kRad(Si). 
 Minimum total dose tolerance should be 50 kRad(Si) with sufficient shielding mass. 
 Storage capacity as a minimum 60 Gb and up to 500 Gb 
 Download data rate < 100 Mbps 

 
 Parts selection has been performed according to the following criteria : 

 State of the art technology (end of 2015, beginning of 2016). 
 Non obsolescence of the memory and new devices that haven’t been already tested against radiations. 
 Size and architecture. 
 SLC (Single Level Cell) only for radiation tolerance purpose. 
 Package 
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Reverse Construction 
Analysis 
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Hard Mask – Allow to keep the 
lithography resolution during etching  
(deals with selectivity photo resist poly when Etch process) 

ONO : Oxide Nitride Oxide for charge 
trapping 

World line control gate Polysilicon 

Floating gate Polysilicon 

Tunnel oxide 

NAND FLASHs 
Construction Analysis summary 

 Main challenge for this type of technology is the process capability with the die manufacturing lithography and etching 
tools. Repeatability of cell spacing Air Gap and minimum Critical Dimension (CD’s) patterns definition are most likely 
the main yield detractors on these parts.  
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NAND FLASHs 
Construction Analysis (Ex: Macronix Nand Flash) 
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NAND FLASHs 
Construction Analysis comparison 

8 
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NAND FLASHs 
Construction Analysis comparison 
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Test plan  

For each reference : 
10 devices in HDC (High Duty Cycle) bias 
10 devices in LDC (Low Duty Cycle) bias 
10 OFF devices (pins connected to ground) 

Devices are irradiated up to 200 Krad (Si) with Co60 
Power monitoring of DUT bias board  
Electric Measurements steps are performed at 20, 

30, 50, 100, 150 and 200 Krad (Si) 
After irradiation, 24h @25°C and 168h @100°C 

annealing are performed on devices 
Electric Measurements steps are performed after 

each annealing 
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In situ: FPGA based tester and biasing boards 
Software description HDC (High Duty Cycle) 

Check factory Bad blocks  

Start Block 1 to 2047 
 

Write Program #55 (H) 
 
Check (Read & compare) 

pattern #55 (H) 
 

Write Program #AA (H) 
 
Check (Read & compare) 

pattern #AA (H) 
 

Erase Block 
 

Erase Block 
 

Start Block 2048 to 4095 

Write Program #AA(H) 
 

Check (Read & compare) 
pattern #AA (H) 

 

Erase Block 
 

Retention check 
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In situ: FPGA based tester and biasing boards 
Software description LDC (Low Duty Cycle) 

Check factory Bad blocks  

Start Block 1 to 2047 
 

Check (Read & compare) 
pattern #AA (H) 

 

Erase Program  Block #AA (H) 
  

Start Block 2048 to 4095 

Write Program #AA(H) 
 

Check (Read & compare) 
pattern #AA (H) 

 

Erase Block 
 

Retention check Check (Read & compare) 
pattern #55 (H) 

 

Erase Program  Block #55 (H) 
  

Check (Read & compare) 
pattern #AA (H) 

 

Erase Program  Block #AA (H) 
  

WAIT for 1 kRad(Si) step 
  

WAIT for 1 kRad(Si) step 
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Electrical test system description  
Parameter tests list table (Macronix as an example)  
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Electrical test system description  
Parameter tests list table (Macronix as an example)  
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 Specific March algorithm  fore NAND FLASH for : 
 TF: Transition Fault Detection 
 AF: Address Fault Detection 
 DF: Data Fault Detection  

Electrical test system description  
Specific SLC – March detection Algorithm 
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Test tooling descriptions 
Hardware and Software 

 
 In situ (FPGA based tester and biasing boards) 
 Electrical test system using an ATE (Automatic Test Equipment)  
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In situ: FPGA based tester and biasing boards 
Hardware description 

 Control board 
 Controls and commands DUTs in parallel 
 Sends status and error data to the PC 

Bias board 

Control board SMX32C 

Bias  
board 

 

 
Control board SMX32C 

Power 
Monitoring External 

computer 

Ethernet cable 

Digital 
IOs 

 User interface app. on PC 
 Configures test sequence 
 Sends test sequence commands to 

Control board 
 Records error data, status data and 

log data received from Control board 
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Test Program 

Electrical test system Hardware description  
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 In situ (FPGA based tester and biasing boards). 
 Electrical test system using an ATE (Automatic Test Equipment). 

 
 Based on results we have differentiated two families 

 Preselected references for SEE irradiation campaigns 
 Non selected references for SEE irradiation campaigns   

HRX - Preselected references 
HRX – Non selected references 

Overall Campaign Results 
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In situ: HDC non selected references results 

Radiation tolerance  
< 15 kRad(Si) 
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In situ: LDC non selected references results 

Radiation tolerance  
< 15 kRad(Si) 
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In situ: HDC non selected references results 

Radiation tolerance  
< 20 kRad(Si) 
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In situ: LDC non selected references results 

Radiation tolerance  
< 20 kRad(Si) 
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Radiation tolerance  
< 25 kRad(Si) 

In situ: HDC non selected references results 
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Radiation tolerance  
< 25 kRad(Si) 

In situ: LDC non selected references results 
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ATE: HDC and LDC non selected references results 

Examples: Winbond ICC and SLC_March functional test 

Manufacturer Product
Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h

Winbond W29N01GVSIAA 30 kRad(Si) Complete 50 kRad(Si) Complete 30 kRad(Si) Complete 30 kRad(Si) Complete
Spansion S34ML04G200TFI00 No Failure up to 100kRad(Si) Complete No Failure up to 100kRad(Si) Complete 30 kRad(Si) No Recovery 30 kRad(Si) No Recovery

Hynix H27U4G8F2D 30 kRad(Si) Partial No Failure up to 50kRad(Si) Complete 30 kRad(Si) Partial 30 kRad(Si) Partial

Manufacturer Product
Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h

Winbond W29N01GVSIAA 30 kRad(Si) Complete 50 kRad(Si) Complete 30 kRad(Si) Complete 30 kRad(Si) Complete
Spansion S34ML04G200TFI00 No Failure up to 100kRad(Si) Complete No Failure up to 100kRad(Si) Complete 30 kRad(Si) No Recovery 30 kRad(Si) No Recovery

Hynix H27U4G8F2D 30 kRad(Si) Partial No Failure up to 50kRad(Si) Complete 30 kRad(Si) Partial 30 kRad(Si) Partial

Manufacturer Product
Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h

Winbond W29N01GVSIAA No Failure up to 50kRad(Si) Complete 50 kRad(Si) Complete No Failure up to 50kRad(Si) Complete No Failure up to 50kRad(Si) Complete No Failure up to 50kRad(Si) Complete
Spansion S34ML04G200TFI00 No Failure up to 100kRad(Si) Complete No Failure up to 100kRad(Si) Complete 100 kRad(Si) No Recovery 100 kRad(Si) No Recovery 50 kRad(Si) No Recovery

Hynix H27U4G8F2D No Failure up to 100kRad(Si) Complete No Failure up to 100kRad(Si) Complete No Failure up to 100kRad(Si) Complete 100 kRad(Si) Partial 100 kRad(Si) No Recovery

AC (timings) Functional

BIAS HDC (HIGH DUTY CYCLE)

BIAS LDC (LOW DUTY CYCLE)

DC Power Supply

AC (timings) Functional

BIAS OFF
DC Power Supply AC (timings) Functional

DC Power Supply

Retention
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Radiation tolerance  
<  30 kRad(Si) 

In situ: HDC selected references results 
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Radiation tolerance  
< 30  kRad(Si) 

In situ: LDC selected references results 
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Radiation tolerance  
> 100 kRad(Si) 

In situ: HDC selected references results 

No data 

No data 

No data 
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Radiation tolerance  
> 100 kRad(Si) 

In situ: LDC selected references results 

No data 
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ATE: HDC and LDC selected references results 

Manufacturer Product
Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h

Toshiba TC58NVG2S0HTAI0 No Failure up to 200kRad(Si) Complete No Failure up to 200kRad(Si) Complete 50 kRad(Si) No Recovery 30 kRad(Si) No Recovery
Macronix MX30LF4G18AC No Failure up to 100kRad(Si) Complete No Failure up to 100kRad(Si) Complete No Failure up to 100kRad(Si) No Recovery No Failure up to 100kRad(Si) No Recovery

Manufacturer Product
Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h

Toshiba TC58NVG2S0HTAI0 No Failure up to 200kRad(Si) Complete No Failure up to 200kRad(Si) Complete 50 kRad(Si) No Recovery 50 kRad(Si) No Recovery
Macronix MX30LF4G18AC No Failure up to 100kRad(Si) Complete No Failure up to 100kRad(Si) Complete No Failure up to 100kRad(Si) No Recovery No Failure up to 100kRad(Si) No Recovery

Manufacturer Product
Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h Steps Annealing 24h/168h

Toshiba TC58NVG2S0HTAI0 No Failure up to 200kRad(Si) Complete No Failure up to 200kRad(Si) Complete 150 kRad(Si) Complete 100 kRad(Si) Partial 50 kRad(Si) No Recovery
Macronix MX30LF4G18AC No Failure up to 100kRad(Si) Complete No Failure up to 100kRad(Si) Complete No Failure up to 100kRad(Si) No Recovery No Failure up to 100kRad(Si) No Recovery 30 kRad(Si) No Recovery

DC Power Supply AC (timings) Functional Retention

BIAS LDC (LOW DUTY CYCLE)
DC Power Supply AC (timings) Functional

BIAS OFF

BIAS HDC (HIGH DUTY CYCLE)
DC Power Supply AC (timings) Functional

Examples: Macronix ICC and SLC_March functional test 
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Lessons Learning forces  
for further investigations 
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Lessons Learning forces 
For further investigations 

 We have observed that after a certain cumulated dose rate (#100 kRad(Si), the power reset (ON/OFF) has an influence on the  
    device functionality (MACRONIX).  
 This phenomenon is detected during the continuous BIAS current monitoring along the irradiation and annealing steps. 
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2nd irradiation campaign description 
 Performed on MACRONIX selected part for heavy ion test. 

 20 additional parts have been irradiated. 
• 10 parts using HDC (High Duty Cycle) bias. 
• 10 parts using LDC (Low Duty Cycle) bias. 

 No Power ON/OFF. 
 1 single irradiation step followed by 24h @ 25°C and 168h @ 100°C: 

• From 0 kRad(Si) up to 150 kRad(Si) for the MACRONIX parts. 
 A cycle of READ/WRITE will be performed at each “virtual irradiation” steps (each 20 kRad(Si). 
 Electrical measurements performed at the end of the irradiation steps and after each annealing. 

 

Macronix 2nd TID campaign 
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2nd irradiation campaign HDC results 

Data crunching to be performed 
Nevertheless memories exhibit an 
Over consumption 

Memories  were not responding and 
Still exhibiting an over consumption 

Memories  were not responding and 
Still exhibiting an over consumption 

Erase/Program Read pattern : 
 Without power ON/OFF memories are functional  
         up to 150 kRad(Si). 
 Still exhibiting an over consumption after the POWER OFF. 
 After POWER OFF same phenomenon, memories are  
         not responding. 
 168h are not enough to allow memories to recover. 
 Few memory errors occur around 100 kRad(Si). 
 Less than 100 blocks are concerned with these memory  
         errors at 150 Krad(Si) 
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2nd irradiation campaign HDC results 

Data crunching to be performed 
Nevertheless memories exhibit an 
Over consumption 

Read pattern : 
 Without power ON/OFF memories are functional  
         up to 150 kRad(Si). 
  Up to 86 krad(Si) no major block errors at 90%. 
  From 86 kRad(Si) up to 109 kRad(Si) less than 50  block 

errors at 90%. 
  From 109 kRad(Si) up to 154 kRad(Si) less than 600 block 

errors at 90%. 
 WRITE sequence after each 20 kRad(Si) allows to 
         partially heal the memory errors.  
 Still exhibiting an over consumption after the POWER OFF. 
 After POWER OFF same phenomenon, memories are  
         not responding. 
 168h are not enough to allow memories to recover. 

 
Memories  were not responding and 
Still exhibiting an over consumption 

Memories  were not responding and 
Still exhibiting an over consumption 
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2nd irradiation campaign LDC results 

Memories   
were not responding  

And Still exhibiting  
an over consumption 

Data crunching to be performed 
Nevertheless memories exhibit an 
Over consumption 

Erase/Program Read pattern : Read pattern : 

 Without power ON/OFF memories are functional  
         up to 150 kRad(Si). 
 Still exhibiting an over consumption after the POWER OFF. 
 After POWER OFF same phenomenon, memories are  
         not responding. 
 168h are not enough to allow memories to recover. 
 Memory block errors occur around 86 kRad(Si). 
 Less than 600 blocks are concerned with these memory  
         errors at 150 Krad(Si) 
 
  Same behavior as the HDC Read pattern but with much 
         less block errors (150 kRad(Si)  less than 10 blocks  
         in error  at 90%. 

Memories   
were not responding  

And Still exhibiting  
an over consumption 

Erase/Program Read pattern : 

Read pattern : 
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Conclusions 
 Despite the fact that technologies are similar, radiation tolerance across the  
     5 selected NAND FLASH is different. 
 Charge pump block seems to be the critical element for all the memories  
     except MACRONIX as it’s involved in ERASE/PROGRAM operation.  
 One out of the 5 selected devices seems suitable for JUICE mission (MACRONIX)  
     at least for Total dose radiation. 
 POWER ON/OFF has an impact on total dose radiation tolerance. 
 Much less memory errors when ERASE/PROGRAM cycles are implemented  
     periodically compare to the READ only test sequence. 
 For the READ only test, number of errors is related to number of reads (more reads, more 

errors) 

Proposed Next Steps 
 For MACRONIX device extend the 168h @ 100°C annealing to check if memory reach a 

complete recovery. 
 After partial or complete recovery, read memory erroneous bytes and check the number of 

bits in error per byte to verify how much ECC is able to correct erroneous data. 
 Perform a failure analysis to understand if the over consumption issue is related to a specific 

element/area or if it’s spread across the full die. 
 



March 2017 
Hirex Engineering  a Company of Alter Technology 

This document is the property of Hirex Engineering, it cannot be reproduced or communicated without its authorization 39 

Backup Slides 
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Company Overview 
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ENERGY MOBILITY 

NATURAL RESOURCES 

IT 

HEALTH AND NUTRITION AEROSPACE & ELECTRONIC 

TÜV NORD Group main areas 

41 
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Alter technology group: with 30 years experience in the sector.  

42 

Aerospace & Electronic 
Business Unit 

http://www.optocap.com/
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 Hirex Engineering founded in January 1993. 

Hirex Profile 

 Hirex Engineering joined ALTER Technology Group in January 2007. 
 ATN based in Madrid, Seville, Roma, Portsmouth and Shanghai. 
 ATN employees 230 as of today. 
 ATN Turn-over 65 M€. 

   100% Privately owned by TÜV NORD since  29th June 2011. 
 Hirex Engineering : 

 Based in Toulouse. 
 48 employees as of today. 
 1800 m² Facility. 
 Certified ISO 9001, EN 9100 and ISO 14001. 

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

6
6.5

7

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
11

20
13

20
14

20
15

Tu
rn

ov
er

 (M
€)

Year

Hirex Engineering Turn Over (M€)



March 2017 
Hirex Engineering  a Company of Alter Technology 

This document is the property of Hirex Engineering, it cannot be reproduced or communicated without its authorization 44 

Expertise & Activities 

3 labs for a focused organization: 
 SEE: Radiation lab. 
 LAT: Semiconductor Technology lab. 
 LTE: Electrical & environmental test lab 
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