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ABSTRACT

DC/DC switching power converters are commonly used to generate a regulated DC
output voltage with high efficiency. The DC/DC converter is composed of a MOSFET
(metal-oxide semiconductor field effect transistor)) a PWM-IC (pulse width
modulation-integrated circuit) controller, inductor, capacitor, etc. It is shown that the
variation of threshold voltage and the breakdown voltage in the electrical
characteristics of MOSFET occurs by radiation effects in TID (Total lonizing Dose)
testing at the low energy y rays using “Co, and 5 heavy ions make the gate of
MOSEFET broken in SEGR (Single Event Gate Rupture) testing. TID testing on MOSFET
is accomplished up to the total dose of 40 krad, and the cross section(cm?) versus

LET(MeV/mg/cm®) in the MOSFET operation is studied at SEGR testing after
implementation of the controller board.
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Fig. 1. Block diagrm of Buck Converter
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Fig. 2. Gummel characteristics in
Pre—irradiation

VB (V) 100 (my / @iv)

800 (mV)

Fig. 3. Gummel characteristics after 40
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Fig. 4. Biased circuit of measuring the
threshold voltage of MOSFET
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Fig. 6. Charge trapping phenomenon caused
by the voltage between gate and source
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Fig. 7. Biased circuit of measuring the
breakdown voltage of MOSFET
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Fig. 8. Breakdown voltage of the power
MOSFET
Table 1. MOSFET(IRF3315S) electrical
characteristics
IRF33158
g
PARAMETER CONDITIONS UNIT
MIN | TYP| HAX
Drain—-to-
- Source Vee=0V _ _
]'Bﬁ Breakdoun Iﬂi%ﬂuz-i 150 Y
Uoltage
Gate Vo= T
Vi, | Threshold L& l20f -]a0f v
Voltage Ip =250ud
3= APe BTk
B APdAM HEEHE= MOSFETS AM%2

Table 13 2ttt A|E82A4 FEAGo] 150 V <
International Rectifier A%< IRF33155[7]& A}
&3kt

. MOSFET2| 2ALM A&
FFel wA= ARSI 2

TID(Total lonizing Dose), Displacement Effect
(M9 <93F), SEE(Single Event Effects)= &
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%om SEE= SEL(Single Event Latch-up), 851
SEU(Single Event Upset), SET(Single Event

Transient), SEGR(Single Event Gate Rupture) &
o7 vt

3.1 TID &4¢

TID A @A3+= Fig. 99 Mil-Std-883 Method
10198 wW=2cd d=xFFSFATde] A
TH2 4 489 425 (KOMPSAT-2)0l A A5
K2-RAD-IGG-0001¢} #om =4 ZHE= W=
A a2xe &4 Av]l HP  Semiconductor
Parameter Analyzer?} Digital MultimeterE Ak
&3t AP EE SEdAEATY A5
AP AT AFES WA 2AMD S FILE 60
(PCo) y HA7IZ o] &3 Aq7A yEH} FA
A8 A7} 77k ZARAIZEO] oA y
B3 2AA R A7 BolAW ZAAZHS 2
A s F Aol A B,

FZAFES 25,5, 7.5, 10, 20, 18] 3L 30 Krad7}
A 6eFOE Tt AHFE(EAME)S A+
A ZFAF Al Bol AREStE 5 rad/secE A
o & ZAMAEES ZARS, A, 283 A7
wel ZAE=, odE 59 25 Krad7l 43] F
ALE 10 Krad7} ¥3 10 Krad”?} 23 F3 54
20 Krad24 & A& 30 Krad7} ®th. Z2AMS
S 5 rad/secZ 2 Al FAEo] 25 krad”l H
7] #13lA = 500 sec(®) &85 6719 AlEE
AHE-STE 2 A S EUal T AR
07171 98 B3 FAEALS 308 oluol
o] Fojxol gt} 300 AHEHH A5 7]
3 E40] o= Ax BA" F 7] vl

MOSFET?] TID A3olx ZALEFH EE AL
7 FEHGY] AFd= Fig. 1097 Fig. 113 Zoh
a9 109 43 Aade AR 3.0 VoAl ZARF
o] T7tetell et EHAS ol ddH o= Fas)
o o] 2@E wEsta Jow EAEo] 40
Krad 7HA] H4 #8928 20 VIS g8t
FEAGS AL 150 VE 278t de=d 2AL

A2 250 HIIE BN |wo | HEMS
olM Anneal [ | BA [ | #8¥
- l\‘es
FEof =AL 714 84 L&l 50% 100 CollA
(5 rad/sec) &3 Yes EA 168AI2F Anneal
7R EA
SENLY d g‘;’*’

Fig. 9. Testing Method and Procedure of TID
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Fig. 10. Threshold voltage vs. dose
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Fig. 11. Breakdown voltage vs. dose
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3.2 SEGR & ¥

PWM-IC®] SEGR 35 I3l Fig. 129} #o]
325 A4 3 7ET § NASA T AL
Bol ol&staL AAHCeR 7 d9 A= Fig
137 2 "= Texas A&M  University
Cyclotron Facility2] Fo]27}<;:7]o] 4] Table 29I
A BAE AUA7E 15 MeV/udl  Fol& 5%
(Ar, Kr, Xe, Ho, Au)& bare chip AEI9 Al®
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Fig. 12. MOSFET SEGR Circuit and
Implementation
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(Texas A&M Univ. Cyclotron Fig. 14. Cross section vs. LET in MOSFET(IRF3315)
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Table 2. lons’ spec. of 15MeV/u energy
o714 cross section JA(particle) & Thol
Ton | Mass(u) Total Initial LET at U235l AT E JeEhE x| XEoly Alo] W
" | Energy(MeV) | LET(air) | Bragg Peak dojib=  AZFE T(sec) 2t 3 cross
YAr | 39.962 599 8.0 20.1 section[8,9]2 4] (5)¢} o] dHHY.
84y ‘ Y ;
Ir | 83912 1259 26.6 414 o(em?) = 1 (ions/em?) 5)
7 ‘ ‘ fluence
Xe | 128.905 1934 49.3 63.4
851, | 16L00) — i~ - Table 304 Al &(sample)E 107HE AF&-3}
il ke ; : =0 A8 19 22 YAre] A} Al 4% 3%9} 2
9Au | 196.967 9954 82.8 93.5 T 42% B3 Al°lE 3t3(gate rupture)’b LAY
=R ek Aol FIUMAA AR 29 45 Kr,
NE = Xe, A8 73 8& Ho, A&
Table 3. Transient and dropout capture o] 5% 6% Xe, 2l 74_? Ho, 212 95 10
of MOSFET(IRF3315S) = Aucl ZAAA W3] E71H AE] Aol =
o7} BA AT olml AR Al fluence’t =78
SAM| LET Fluence | Cross SEL o 3 o] 2] (5)ZHE cross sectionS A4t F= 9l
PLllE (Me\;/gg/cnf) ;lggﬁ“gﬂ S;;Eiri(g“? H}E,{Ei?tg 4935 = Fig. 149] cross section Z&< 11X 1072(cm2)
- . i c oA TJ0 - -
2 89 | 8.04x10°| La4x10” | WAgle | 23403 R geE sEwS Hofa o, dn 4
- ! i 2 omnm LI /i
3 | 278 | 67xa0°| L0t | 24 | 13 cross sections] FEAPE 2 Alge] 471 54
4| 40 [100x10T] 100x107 | = | 102 = grkshed a9 Field.
G 56 | 1.00x10°| 100x107 | 24 | 5% 2 =FA AHST IRF33155 MOSFET #-3#F
6 | 56 |500xi0’| 200x10° | 4 | 10z = 3l deds Ao S4S disses
7 691 |500x10"| Lesxi0? | = | 2z AAE YA AFEE= 150 V 2913 dE€a
§ | 691 | 200x10'| 500x107 | WY | 23 A2 Aol Zhestrhal @rked
9 854 | 3.00x10°| 3.33x107 | A | 10%
10 | 854 |6.00x10'| 167x107% | A | 2% v. & B
#a)ol LA, Kr, Xe, Ho, Au 45 ¢ AA A MOSFETH thate] ZEE 60 (“Co)
43 Alzte] Ao uwiel ACJEVL I (gate  AEPIAIIE &85} 40 krad ZAFEFZEA] TID

rupture)7} Table 33 #o] ATk LET
(Linear Energy Transfer)'s cross section< Fig.

149} 2t}

=
A8& 3Pty o, MOSFETY SEGR H71=
ZFo]l 2714719 oA 15 MeV/uolA Fol& 5

% (Ar, Kr, Xe, Ho, Au)& ©]&3} bare chip2

@t
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