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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 PWM-IC
(pulse width modulation-integrated circuit) controller, a MOSFET (metal-oxide
semiconductor field effect transistor), inductor, capacitor, etc. It is shown that the variation
of threshold voltage and the offset voltage in the electrical characteristics of PWM-IC
increase by radiation effects in TID (Total Ionizing Dose) testing at the low energy y rays
using “Co, and 4 heavy ions applied for SEL (Single Event Latch-up) make the PWM
pulse unstable. Also, the output waveform for the given input in the DC/DC converter is
observed by the simulation program with integrated circuit emphasis (SPICE). TID testing
on PWM-IC is accomplished up to the total dose of 30 krad, and the cross section(cm?)
versus LET(MeV/mg/cm?) in the PWM operation is studied at SEL testing after
implementation of the controller board.

x B

DC/DC AWEE 499 HARHAAE Fap7t a8t Feo AFHAdoE HIAAT =
Afo] & dgwidrlolth. DC/DC AWE = PWMIC(E2E Wz [AIR) A7),
MOSFET(3Fsh=-t = Al HA &3 EAA L), JIYE, 29X Fo2 AT 2
E 60 (Co) AFES #rpAA7)Z o] &3 TIDAFNAN WArel Jgoz PWMICS 2
714 54T FEAGH sAHGe]l SUHEAL, SELYl H8H 4F RO Fole A=
PWM-ICO| 3}&-3 EtAeHA wteth &9, /48419 33 S SPICE AlE#old =
ZaPoe 2 FFFAY. PWM-ICY TID AE8L 30 Krad 7HA] #3592, SEL 43S
AAREES FAI F LET(MeV/mg/cm?)¥ cross section(cm?) 2.2 A3t}

NV

Key Words : DC/DC buck converter(d% ZIHE]), radiation effects(FAM 93,
PWM-IC, TID, SEE, SEL

.M 2 MOSFET, PWM-IC, OP-Amp. MOSFET  Driver-

IC, Oscillator, Diode S°] AF&¥t} MOSFET+

OEHAEHAY 3304 stz e A M &8 =207 AGHE JqUAES A
DC-DC ZHH AgHe w=A Sxes ots 7I5E 31, A9E A Ee Y

t Received: September 1, 2012 Accepted: December 31, 2012 http:/ /journal ksas.or.kr/
* Corresponding author, E-mail : yhlho@wsu.ac.kr pISSN 1225-1348 / eISSN 2287-6871



80 g oy -

Ry

Feedback

BT Tt

Vour= D Vin

dAM A SHAMN(Y,)
o A= 4 (1) 2o
of »Blg gt

T 9o FERe] wFAEe] 7ol o,
A goz Bloa o= st WY 4G
AFHdel g 2949 X¥E 2F8g w
FRES AAS Folof dot. ol& s =<
AR THA7]2L, AFAES Adst= A

( pass filter)3 27} dasith. Z4A

HECAM A 2 3 AHRAE ¢ 7} o dHe
A AN JI9E Llle L3
s23 AHRAE ¢ Fele A3
o 2y AAZ AGE S AA
o)A dornz JAYH HAF} AR
EAEl xdHo Ut Fig 19
IRF33152 &7 9 (breakdown voltage)o] 150
V o] Z¥ Y (threshold voltage( V;,))°l 3.0
V1 IR(International Rectifier)AF2] MOSFET©]
t}. DC/DC ZAWEIS 4FF] PWM[L2] &
zZ AeE HSsk7l 98l Fig. 294 o] UC
2846[3] ] PWM-IC 3252 A7 349t

n)
=
rd

o
i)

ll. DC/DC A E 2l S=Halz

2.1 PWM-ICe *+&

PWM-ICY] &3S FRIA7]7
PWM-ICe] EET A &g Iv|le &
9o Zo uwe} AyPHoZ

e P . [ s,

ucteds I
Output Stage |

wier |
Output Inverted |

1] CURRENT
LIMIT ADJUST

Fig. 2. Block Diagram of PWM-IC

E/A)9  FxE EdA2HZ  FAHEY
MOSFET7} ©-22 w] Az re] Al A
< Z7kekal MOSFET®| #E 7S & &
AHstE ad 4 Slvh AlEg ol dx

]
o] Hale 29A Az ASE 719 34 M,
283 MOSFETY] 83l 93] A=)
Faee 54 )0 Ja 249
2.2
f =30 @ 2

oq7N\AM, R=10k2F C=468nF =
$ 470hz9] Fup5rt BA R @A)
o] @ef(short)=™ 5¥ ©@x}e] 257t

Q&Y 22 ~ 4 V7} AXEZJ)9 Q7

qE E°l, 4 V 17} Al HlaL7](comparator)®

o
e - oo

it [o 9 v
o &l o

7 @xte] gdEe golo= 07 Vot 05 VALS
a#HT o 2.8 V7t Qdrt=ETh 4 @Al 7)EA

1

W& 28 VOl Skl oF 093 VE AAE ¥ 7]

FRYRT = o] A7tEW R/S F/Fo] ‘set’
Fo] ‘OR’ Alo]E &7o] ‘'0OSC'e &9 Alar}
Jg=z  gozith. "uxl 113y 14

MOSFET] Al¢] E(gate) TAlell AZH T
2.2 DC/DC Z 7 HE

24894 359 DC/DC ZYAHEHE
Bl Fd A oA 60 VO 4HS Wwol 535 V &
gS a7t Fig 19 &
SPICE[4]|2 A E# oA 33 .
2ol QI9E AF, PWM Z83d, dgdet &
EYAYS HoF, d9E HF= MOSFET7}
H.oxg u AAFSF 0242 74AES & 5 A
I, JAYEY AF HAEELS 95FS B
F3 Yok
24X 7 71 T,

i
ki
i1
o
o
_0|L
e

<

N



#4145 19 20130 1

DC/DC 7447 E o] PWM-IC #lo]7]9] TID % SEL 4% 81

u I(L1)

nV(11)

V)

53V —

52V
753.82us  756.00us 760.00us
= V{4

764.00us 768.00us 772.00us  776.00us

Fig. 3. Inductor current, PWM output

waveform, Input voltage of
Buck Converter, Output voltage

AQH AF(i)F AYEH W(v,)e Fig. 3%
2o BHEe €& A,)H "-9= Az
(t)e AAAZ) g B A7e] ¥ &2 5
2 (@)% 2ol Fejdrh

t t

on on

D= - 7_y
[ T onf

—
W
~

221 MF &4SAMZE 0 <t <DT

t
A9 At v (t)e T4 @9 2ol 7 5
v (t) =V, —wv,(t) (4)

=3, JAYE AR i, ()T AYE A v, (t)

se) WAL 54 (5% 2o

di, (t)
p7 ®)

UL(t) =171

S @7 5)M dYEd s2= A/ 7]
271 54 (6% 2.

Vi _vin)

Inductor

Fig. 4. Inductor voltage and current waveform

TR ©)

oA EHHst
2 MOSFET7}

S dEALR =5 o Yy A

v}
0
v}
o)
i
B E
o,
KS3l
2
Lo
o
0%
o3
(0 =

<
[e]
—
=
N
Ir
jins

ot H ¢

= A

SIS
2o fr N

S
S 1o
e
T o
2
oy
2L o
i
=
i1:ru rr
ox =
e
o
é
M
i,
o,

£ e > P
o
Jral EE
™

)
Hu u
<o
< M
o ro,
Olﬂ o<“
N
a)
o
3
-1
)
o offl o

222 M5B stzZA|Zk
MOSFET7} (1 — D)7 =77+ ¢t 919H
At v, ()8 T4 @) 2ol 72 Atk

Dr<t<T

Bejel o)

AFAE AAE F HAFASE

o] V.7t §9, (1— D)T 717+ St <Ige] A
i ()9 WEe 54 107 2ot

[mini max L (17D)T (10)

223 gHMeh v,

A9E AF i
1, 1-D)T 2
N AR A o FYsEe &9

o HEG V= 54 an% 2ok




82 =g

- A - dEE B2 T RS

I, 2rApM o] o &k

HEol WAL 9 A
TID(Total lonizing Dose), Displacement Effect
(M$ 93%), SEE(Single Event Effects)Z U=
4 2w SEEE SEL(Single Event Latch-up),
SEU(Single Event Upset), SET(Single Event
Transient), SEGR(Single Event Gate Rupture) &
o2 Ut TIDE dF 7] Eo|t} Van Allan
Beltsoll &€ AAY A F2 yd 2 x4
T2 AASANA okrlE 5 9lom, SEEx B
FZF YA (solar  particles), 23}-9-F4(Galactic
cosmic rays)eZ o]ttt FF4&AL, diodedt
bipolar®] FZE 7IF AALAE d¥bAo=x
TID A3 FPstar AN CMOS9}
Bi-CMOS(bipolare} CMOS TZ& FH)T+XE
7}A= PWM-IC, OP-Amp., ZL8]31 DRAM &
e 22 TID 433} SEE 43S 33

3.1 TID M E

TID AlgHA}= Fig. 52 Mil-S5td-883 Method
10195 waed F=FTFFA7d0l AL
CH 24 8- 91425 (KOMPSAT-2) ol A 285+
K2-RAD-IGG-0001¢} #ow =4 AHAH|Z& Hix
A e 4 AR
Parameter Analyzer® Digital MultimeterE A}
St ANEEE dxdAEdTY AR
WAV AT A AES AR AR S AZE
60 (“Co) ¥ TA7IE ol &ttt o71A y&3} =
AA g AR AEE ZAA O] FokA T
B3 ZAARS AL WolAW EAATEE
2A skl F Aol A Pt

ZAPFE 25, 5, 7.5, 10, 20, Z12] 3L 30 Krad7t
A 65FoZE TESIT ZAMEL 5 rad/secE X
At & AR SRS AEFE(EANE), A", 2
2lar Aol wel dAE=w, dE So 25
Krad7} 43 +#%% 10 Krad7} ¥ 10 Krad
7} 28] FAEWE 20 KradZ2A & A3 30

m 3] = P[]

HP Semiconductor

rlo

FENS
#242|

A2 25T H7IH &M [ N
ollA{ Anneal =

ke I

FEol| mAb 2|y 54 FEoil 50%
(5 rad/sec) £1} Yos© ZEA}

100°Col A
168A12+ Anneal

!

7|5 By

FEMEEY [

Fig. 5. TID Testing Method and Procedure

Krad7} ®th ZAMES 5 rad/secE Al ZAL
o] 25 krad7b ®7] SIBAE 500 sec(E) 2L
Hal 67 A8E AREET 7t ARSI £
I T AR So7b] Slal Bas 2AREAS
30 ol o] Folxof grh. 30ito] AIEW A
Fo| H71F Aol ol=Ar Hdd F UV o
folth

PWM-IC(UC1846, UC2846)2] H71ZA 4L
Table 13 326 7]F(reference) 3
(output voltage) ‘2 25 TollA HAZH =
thgkel Z+z+ 505 Ve 515 Volm, gt
(shutdown) &5 % %} (threshold voltage)= 4
g Adigrol 22+ 250 Ve} 400 mvelth. Mil.
w UC2846°] o]&ste] A3s A% 9t
30 krad ZAFFZRA] AbEE vESShd, BEHAY
< 5 krad ¥H ¢F AMSFS Hojua glony
ot SEHAWAAN AVHEALS HTh

Table 1. PWM-IC Electrical characteristics
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Fig. 12. Heavy ions test at A&M Univ.
Cyclotron Facility, USA

Table 2. lon specifications of 15 MeV/u
energy at Texas A&M Univ./
Radiation Effects Facility

lon Mass(u) Ene?go;?}lde\f) L]IED’Ii‘tii:il_r) Br[a’]gig Pae:;ak
#gr | 83.912 1259 265 414
29%%e | 128.905 1934 493 63.4
"%*Ho | 164.930 2474 66.7 79.2
A | 196.967 2954 82.8 935
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Table 3. SEL transients of PWM-IC of UC-2846

SA

ME | s | Gemory | Socuonteay | SELEvent | Wl 3
1 40 1.50x10° | 6.67x107"" | W2(10%) | 24%06%
2 40 1.83x10° | 5.46x107"" | 2RYQlS(10%]) | 50E45%
3 57 2.85x10° | 351107 | WHIB(10%]) | 49828%
4 57 3.03x10° | 3.30x107"" | 4bMAl2(10%]) | 43855%
5 69.1 7.10x10° | 1.41x107° | WHQE(7%|) | 23240F
6 69.1 5.34x10° | 1.87x1077 | uhigle(6el) | 128202
7 90 4.40x10° | 2.27x107° | WY-E(10%)) | 39838%
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