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Single Event Effect Test Results and Analysis of
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ATMEL 68360 vwio]lzZ =32 ZA A= MACSAT(Medium-sized Aperture Camera
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Abstract

ATMEL 68360 Microprocessor, used as an OBC in MACSAT(Medium-sized
Aperture Camera Satellite), performs and handles flight operation and attitude
control software. Single event effects(SEE) can occur in this device by high
energy protons in its orbit, and so proton SEE test is necessary. Proton SEE
test for this device was performed by the high energy proton source through
76" cyclotron at Crocker Nuclear Laboratory in UC Davis. Single Event Upsets
and Single Event Functional Interrupts were observed and this device stopped

the operation by proton TID effect.
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2. BE
2.1 MACSAT3 ATMEL 68360
MACSAT (Medium-sized Aperture Camera Satellite)S SaTReCi®} o] Ao}

ATSB(Astronautic Technology (M) Sdn. Bhd.)7} &% o2 /fueta gy 747
FHi e} g4 A28 AAER dAdolt g9 e s EE 25omely ARE &

Aoz i wgoz 747k 909 WelE g3t A Hr) o] A4S 1% 685km, 7
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Allen Radiation Belt)e] Loy iAol ogh WA 9&s A
t}.(Poivey 2002)
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ATMEL 683602 A % & 4 32 Aol SRAM, EPROM, Z1#]al Control
PC Atelo] dlolE] 58S 27 13 Zuh & Algel A= CPU32+9k CPMelA A
st SEEE 244 4353l oH SIM60el A SEE7F 2 AskA] &= Ao = 75t
o} o] AL AMEHE HAE BBV SIME0RHS 83l HAES ¢ gl7] gl
H], 68360 AALe] YFolglal B 4 = 68302 4~Ae] SEEQ] H AE A 683609
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2.2.1 CPU32+ A& (ALU test, Duty factor 100%96)

CPU3R2+ EEY Algde vy 7o mAo=z Agddr) ol AL ALU(Arithmetic
Logic Unit) A& e]™ Duty factor 100% = G35 A 2H=o] H v},

a) the9 2ls AAks

(3o (5 of )

sine®| Y cosine ¢ ZHzto] 43T = °oF 2mse CPU timeo] AEE 2 Z DZFo
Akl = 2ms * 5 = °F 10ms7} 2853 1% ¢F 1003]9 ¢d4to] Fa€ Aol



b) Al4tE Dite SRAMIE dEste] AdA7] iL(SRAM1¥ SRAM2+= 800 bytes
o] AVIE ztow 100719 D& AXE 5 k) DE Eoliir}

c) SRAMIe¢| t} 29, SRAM1Y] ©lo]E & Host PCE dAF3ty Abd DateES
SRAM2¢| A 7g¥Th

d) SRAM27} t} 2}, SRAM29] HolE&& Host PCE dAE3tH A4td DateES
SRAMIel| A€},

e) 9 AL v g}

2.2.2 CPM A€

CPM &2 RISC Controller, DMA(Direct Memory Access), SCC(Serial
Communication Controller)ol]l thal H#A3H 2™ A Duty Factor 100%= 53 5
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2.2.3 Data Handling S/W

Host PColl A A %= Data Handling S/Wi F-8® A SRAMS] €4 AHo] A]g
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E sdo] FAEY 7Y 3FE CPU32+9 CPMOE U0 =3 Fu}. o
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19 3. Radiation Test Setup
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CIBC Processor 68360 Radiation Test Rasult |
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2% 4. Current Observation for SEE Test Setup
TID A@ A #99 A9 8= 2 A9 SWE LI AA AP P 4%
TEEHE Aol Q‘ﬂﬂ‘»’iﬂr oA7lel b oy x] FAA o 7HE = ATMEL
633609 2% W3l A8 93 thermocouple©] F71% o] kA A SEE A& o] 4
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2.4 SEE A ¢

2.4.1 AR A

UC DavisW] Crocker Nuclear Laboratory(CNL)o| A Al &3F= 7621 Cyclotron-g
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Abgske] AAo R WA EE 54, FA 2 4 3lvh(Castaneda, 2001)
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19 6. Irradiation Table Setup

243 A% A%

Beam Energy [ CPU32+ Error| CPM Error CPU Halt Total
63.3 MeV 1 4 5
51 MeV 1 1 8 10
25 MeV 1 1 5 7
2 3 17 22

E 1olA dEhRo] dutd o R e A @l AR B A vk
2 A8E 2E beam oW Ao tis soft errorlﬂ_E‘r‘L hard error”} o] w3k A
S &21e 4 A} hard errore] WEF-2 SEFI(single event functional interrupt)

o] micro-latchupell 3%t hard error® F=%+= event®™ UTH(ASTM F1192,
2000)
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