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ABSTRACT

DC/DC switching power converters are commonly used to generate a regulated DC output voltage with high
efficiency. The advanced DC/DC converter uses a PWM-IC with OP-Amp. (Operational Amplifier) to control a
MOSFET (metal-oxide semiconductor field effect transistor), which is a switching component, efficiently. In this
paper, it is shown that the electrical characteristics of OP-Amp. are affected by radiations of y rays using “Co
for TID (Total Ionizing Dose) testing and 5 heavy ions for SEL (Single Event Latch-up) testing. TID testing on

OP-Amp. is accomplished up to the total dose of 30 krad, and the cross section(cm?) versus LET(MeV/mg/cm?)
in the OP-Amp. operation is evaluated SEL testing after implementation of the controller board.
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Fig. 1. Relationship between collector current(/,) and
current gain($) in terms of radiation dose.

I. MATERIAL AND METHODS
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Table 1. Electrical characteristics of OP-Amp.(LM193)

PARA- TEST _ LMI193
METER  CONDITIONS T MIN TYP MAX UNIT
Voo =50V to
V, 0V 25°C 2 5 mvV
Vie = Vic (min)
I, V, =14V 25°C 3 25 A
. V, = 14V 25°C 25 -100 nA
Voo = 15V
V, = 14V to
Ayp 11.4V 25°C 50 200 V/mA
R=>15K1 to
V()C
0 to
Vi 25°C -5V
ICR I/OC
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Fig. 2. Block diagram of DC-DC Buck Converter.

1. S35
1.1 Input offset voltage( V)

Fig. 39 984 V5 24 VERE 2.6 V ¥l
A1 mv A S7AA FHAg ] WEkE=E v 7k 1
4VOE]UZH | 725|4 x{o]—o]q_

1.2 Input offset current(Z;,)

rir

Input offset voltageS A= U 7oA Bk
Z(inverting) AR} H]¥Ed(non-inverting) THAFO] A
AFAke] | 1. — 1,370t

1.3 Input bias current(/Z,;)

V,7b 1.4 v 4w Rbdeaie} v whd kil A HF

o gk, o w S 2] S71Ee) e

19 A5 3717} &9 ghem S7pEojof Jith

1.4 Common—mode input voltage range (V)
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Fig. 3. Circuit for measuring input offset voltage,
input offset current and input bias current.
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Fig. 49] 4=t v, & 2.4 VERE 2.6 V el
A1 mv A 57}/\]74 OP-Amp. &] H| HEdwA}of| <1

i B W A Aol &
Agke] wstel ul, 2 J00 8 243 grolek. ol

2.5V
W, = 2.5V I

Fig. 4. Circuit for measuring large-signal differential-
voltage amplification.
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Fig. 5. The y facility at KAERI for testlng OP-Amp.
and MOSFET.
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Table 2. lons’ spec. of 15MeV/u energy.
Total Initial LET at

lon Mass(u) Energy(MeV) LET(air)  Bragg Peak
40 4y 39.962 599 8.0 20.1
8470 83912 1259 26.6 41.4
129 o 128.905 1934 493 63.4
165 rry 164.930 2474 66.7 79.2
197 g0 196.967 2954 82.8 935

Fig. 6. Circuit for measuring open loop gain.
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Fig. 8. LM193 irradiated by heavy ions
(Texas A&M Univ. Cyclotron Facility, USA).
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Fig. 11. Common-mode input voltage range.
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Fig. 13. Large-signal differential-voltage amplification.

2. SEL 2%

SEL 23 ZA3}= Table 33 o] A& 13} 25 F9]
2 Aego] 4091 “Aroll FAL Al 9% 3629} 114 54%
of SELo] TSN AFS F7HA A= 3745 ™
Kr, A& 59} 62 'Xe, A& 77} 82 '“Ho, A& 99} 10
S YTAuol] ZAMA A H)atel] %)% A7l SELo] A
%It} Fig. 145 Tl 559 LET (Linear Energy Tr

ansfer)'d cross sections LER AL QUT}

Table 3. SEL(dropout) status of OP-Amp.

SAM- LET(MeV  Fluence Cross SEL Remark
PLE /mg/cm®) (ions/cm?) Section(cm?®)  Event emarks
1 8.9 1.81x 10°  5.52x 10° occurred 9min 36sec
2 8.9 226 108  4.42x 10° occurred 11min 54sec
3 40 2,14 107 4.67x10° occurred 1min 11sec
4 40 1.67x 10"  5.99x 10% occurred Imin 02sec
5 56 231107 4.33x10° occurred 1min 13sec
6 56 2.74% 107  3.65x 10° occurred 1lmin 27sec
7 69 2.39x 10"  4.18%x10°  occurred 39sec
8 69.1  223%x 10" 4.44x10° occurred 32sec
9 85 1.45x 107 6.90x 10°  occurred 41sec
10 85.4 1.31x 107  7.63x10° occurred 42sec

105



TID and SEL Testing on OP-Amp. of DC/DC Power Converter
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Fig. 14. Cross section vs. LET for OP-Amp.
(M; dropout capture, LETth = 11 MeV/mg/cm2)

Iv. DISCUSSION
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