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Abstract

Since the reactor trips caused by the printed circuit boards of
electrical instrument systems are about some percentage in all reactor
trips, the assessment of aging and degradation effects on printed circuit
boards of the instrumental system in a nuclear power plant (NPP) is a
very important research topic. The study and set-up of the assessment
procedures and facility for the printed circuit boards of the key
instrumental system used in a nuclear power plant were performed in
this project. The main aim of this project is to carry out the radiation
hardness test and reliability assessment for Hex inverting Schmitt
Trigger in Auxiliary Logic Module (ALM) of SSILS in Maanshan NPP.
Some major tasks have been completed such as, radiation hardness test
for the key devices of printed circuit boards of the instrumental system
used in a NPP, radiation dose rate effects, assessment of reliability for

the key devices, which may improve the safety of operation in a NPP,

keywords: nuclear power plant, electronic card, device, aging,

degradation.
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B 4 Inverting Schmitt Trigger Circuit
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2. Hex Inverter
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Bl 15 2B 16 4 5] 5 Hex Inverter end B H# 5 B4k

155.5 krad/h ~ 270.3 krad/h ~ 320.7 krad/h 12 2 13.6 krad/h ~ 33.4
krad/h ~ 53.3 krad/h §§&+%| & & B 28] - K B °® & 'p‘ 3
B §FRADTRHMFZE > EHEF 2 BIR- R

:t:l‘_ Fﬁg f,/? o

1 v 1 r ] r ] r ] r ] r ] v
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————
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=
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=
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T T T T T )
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10 20 30 40 50 60
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13.6 krad/h ~ 33.4 krad/h ¥ 53.3 krad/h i5 &+7%] & 5 B % Bl
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B 17 % Hex Inverter mﬁ%l Nz 3 U BREFFLEHE
155.5 krad/h ~ 270.3 krad/h ¥ 320.7 krad/h ig &% & & BE % @]
d g g SRS H L MR Ry ) BTV
v o LR AR E SO R P AARR o F L B2 B
TRECRG PG ARRE R ERFR AL FFRRG AL
FERARMLFABEC Iy FTLRFCF L5 7 40
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uWr—r—7F——7—71—"7 77T+ 7T 77—
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o
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—=— \/OH
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& &

B 18 ¥ B 19 5 Hex Inverter i@ H et A pF Y 2. i £ %
J& 13.6 krad/h ~ 33.4 krad/h ¥2 53.3 krad/h £§ &+ & & i (% @] o
Fl o S HEF A HE 2 H4ed B0 BHREBEFFFE °
iy SRCEH AL 2 H4ed F > BREBFETFWR -
TR E F o o g A2 5 533 krad/h 725 ot %
BTERFL ) tn FEHEEFTL X 0 0 oy FEHT R G

B oy, FHATR N5 oty DR BFET 2 R E A

|
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SAEZFIH3ns oty BEUEBETFZ L EER S LING 30
ns (44%) -

-16.5 —

1 v 1 v
I |—m—total dose 100krad| |
-17.0F .

1751 -
-180F -

-185F -

AtPHL (ns)

-190 -

-195} -

10 20 30 20 50 60
dose rate (krad/h)

B 18 Hex Inverter critpy, B H it B2 2 2 4R
13.6 krad/h ~ 33.4 krad/h £2 53.3 krad/h §§ &% & & i % B

115

T T T T
L [—=— total dose 100krad|
110
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|_\
8 38

8 T

8 &

10 20 20 0 50 60
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(=) CMOS = i
B 20 CD4007 < i ¢ 7"NMOSFET A= 4% &2 4% % /& 13.6
krad/h ~ 33.4 krad/h ¥# 53.3 krad/h i5 4% & & B 2 B) o » i 3F
g S P ¢ o NMOSFET = 2 545 5 PR 5415 > 424 T R E
BEFRHHSHE R RELDT B EF2LPLER
8§ F A2 5 53.3 krad/h ¥ eidz 4 T R % { & - NMOSFET 42
R BB CERIAPLTH014V e

0.84

- total dose 100krad 1
0.82 F —a—NMOS .

)
o
3

0.78 -

o
~
o

~
NN

threshold voltage shift

© o o
~N N

S N

| ' |

1 1

o
8 T

20 0 40 50 60
dose rate (krad/h)

B 20 CD4007 ~ i ® 59 NMOSFET A2 +4- 7 BRIEA ¥ 13.6

=
o

krad/h ~ 33.4 krad/h ¥ 53.3 krad/h &5 &% € 5 B 7% [l

Bl 21 CD4007 = ¢ ¥ ¢ PMOSFET 4=4:% B®¥ & 13.6
krad/h ~ 33.4 krad/h 22 53.3 krad/h g 5+& & & B % B o
PMOSFET ~ i (G 45 5 R 815 > Ao 7 RIEAS L F 15 508 £ on
HAqem RELE s F2 ¢ % 753 B F 533

2 3

krad/h pFerdeda T B8 { § o PMOSFET A=45 7 B s it £ &

34

AR A 35023V e

23



&
&

r T r
total dose 100krad |
—a— PMOS

)
8 T

o
T g T

threshold voltage shift(V)
w oW g
& 3

370 -

-3.75 L 1 . 1 . 1 . 1 L
10 20 30 40 50 60

dose rate (krad/h)
B 21 CD4007 =~ it ¥ 7 PMOSFET A= +4; 7 B /&
13.6 krad/h ~ 33.4 krad/h £ 53.3 krad/h #5 &% £ & B % B

# 3 PMOSFET 2% & NMOSFET 4247 BREH + B 7 F

l

SRR T 2 v o AP P OATY AL B o

S BT L AR EFLACEGHBHEAL LT RFA
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SR GIL B 0 LR R BB Y R 2 B R R

65‘34

B] 22 % 5 4f 5+ PR &+7s CD4007 ~ i+ ¢ en NMOSFET 2 /& &
(IR BT R(VO)BI Ao A%t o KB 50 S5 F LH
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001 1
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# R B #~ > 4 Hex inverting Schmitt Trigger &2 Hex Inverter
el Hoaf B pE Y~ Hex inverting Schmitt Trigger <+ * g2 7 &
B2 ~ Hex Inverter ifd ~ T B & 2hz 24 & 2 CD4007 ~
BAe R RES TS Vo p A2 Y 2R G T
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