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Experimental research on temperature variation law of commercial

Flash devices for space application
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Abstract: The temperature variation law and mechanism of commercial Flash memory devices applied in
space electronic products were analyzed. The temperature cycling test and high temperature step stress test
of highly scaled Flash memories K9 xxGO8U xD series of Samsung were carried out at the
temperature —35-+105 C to evaluate the feasibility of its space application. The results show that the
page programming time and block erasing time of this series of memory changes with the temperature.
The page programming time increase by 15% from —35 C to 105 C. Block erasing time increase by 72%
from normal temperature to —35 C. Block erasing time increase by 10% from normal temperature to
105 C. The experiment shows K9xxG08U xD series memory can work at —35-+105 C. Under such
environmental temperature condition, the Flash can be read, programmed and erased. No new bad block
occurrs. The page program times increase with the temperature increasing and still less than the maximum
page program time. In low temperature, the erase times increase dramatically. So in space application
enough time should be given for erase operation.
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Tab.1 Performance of K9xxG08UxD series memory

Production batch 313
Technology/nm 40

Typical program time/s 250

Max program time/ps 750
Typical block erasing time/ms 2
Max block erasing time/ms 10
Max data transfer from cell to register/ s 25
Input/output capacitance/pF 3
VIH/V 2

Typical operating current/mA 15
Max operating current/mA 30
Typical stand-by current(CMOS)/pA 10
Max stand-by current(CMOS)/pA 50

Input/output leakage current/pA +10
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Tab.2 Items and standards for the evaluation test
No. Items Standard Conditions
MIL-STD-883G
1 DPA Sampli ber : 5

MIL-STD-1580B AMPHRE MUmber:

1 Room temperature test For electrical parameter testing at room temperature

2 Temperature cycling GIB548 The military standard B 1010, Number of cycles:20

3 Room temperature test For electrical parameter testing at room temperature

4 Acoustic microscopy C-SAM PEM-INST-001

2
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High temperature test(85 C,2 h)—low temperature test
(-35C,2h)—
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(-35C,2h)—

High temperature test(95 C,2 h)—
High temperature test(105 C,240 h)—
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Fig.2 Schematic diagram of the NAND FLASH DC test
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Fig.4 Changes of EraseMin under different temperature conditions
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Fig.5 Changes of EraseMax under different temperature conditions
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Fig.6 Changes of ProgramMin under different temperature conditions
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Fig.7 Changes of ProgramMax under different temperature conditions

4 & it

=A

e R JH R MR 25 4 A D A7 6 BT = RN R
Flash K9xxGO8UxD £ fift a4, 47 il 18 1 596 1 et B2
A REN 3K, IR E S5 R AT FE AR B E T
e E BB BRIN ] | g F I A) 2 K A= A8 Ak, HAZEfL B
A —E WAL, 55K W : Flash K9xxG08UXD #



% 59 F A % . WA Flash B4 £ F 01 88 b8 TN 1R 1543

FIA7Gik B RE S 16 -35~105 CHRIFREE B TAE, 8 4F7T IE
WL, BB (B, AEARIEIR T T, R
FIRF ] 2 PO 0 M, 2 ) P P o A B 48 A1 T B
A RIS TR] , T3 81, L 2 R Ik ) 5 a2 1 98 i
i AEUR  TSSRAE AR 04 B R T S R I ) 22 P

SE

[1] Bez R, Camerlenghi E, Modelli A, et al. Introduction to flash
memory [J]. IEEE, 2003, 91(4): 489-502.

[2] Pavan P, Bez R, Olivo P, et al. Flash memory cells-an
overview [J]. IEEE, 1997, 85(8): 1248-1271.

[3] Bez R. Chalcogenide PCM: A memory technology for next
decade [C]//Electron Devices Meeting, 2009: 1-4.

[4] Sakui K, Deog Suh K. NAND flash memory technology
[C]//Nonvolatile Memory Technolo gies with Emphasis on
Flash, 2008: 445-590.

[5] Gerardin S, Paccagnella A. Present and future non-volatile
memories for space [J]. IEEE Transactions on Nuclear

Science, 2010, 57(6): 3016—3019.

[6]

[7]

[8]

[9]

[10]

[11]

Lovellette M, Campbell A, Hughes H, et al. Nanotube
memories for space applications [C]//Proc IEEE Aerospace
Conf, 2004, 4: 2300-2305.

Forni G, Ong C, Rice C, et al. Flash memory applications
[C]//Nonvolatile Memory Technologies with Emphasis on
Flash, 2008: 19-62.

Cellere G, Pellati P, Chimenton A, et al. Radiation effects
on floating—gate memory cells [J]. IEEE Transactions on
Nuclear Science, 2001, 48(6): 2222-2228.

Cellere G, Larcher L, Paccagnella A, et al. Radiation induced
leakage current in floating gate memory cells [J]. IEEE
Transactions on Nuclear Science, 2005, 52(6): 2144—2152.
Houdt J V, Degraeve R, Groeseneken G, et al. Physics of
flash memories in Nonvolatile memory technologies with
emphasis on Flash [M]. NJ: Wiley Online Library, 2008:
129-177.

Lee Jae-Duk, Hur Sung-Hoi, Choi Jung-Dal. Effect of
floating-gate interference on NAND flash memory cell
operation [J]. IEEE Electron Device Letters, 2002, 23(5):
264-266.



