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A Radiation-hardened Model Design of CMOS Digital Logic Circuit for Nuclear Power
Plant IC and its Total Radiation Damage Analysis
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ICs(Integrated circuits) for nuclear power plant exposed to radiation environment occur malfunctions and data

errors by the TID(Total ionizing dose) effects among radiation-damage phenomenons. In order to protect ICs from the TID
effects, this paper proposes a radiation-hardening of the logic circuit(D-latch) which used for the data synchronization and the
clock division in the ICs design. The radiation-hardening technology in the logic device(NAND) that constitutes the proposed
RH(Radiation-hardened) D-latch is structurally more advantageous than the conventional technologies in that it keeps the
device characteristics of the commercial process. Because of this, the unit cell based design of the RH logic device is possible,
which makes it easier to design RH ICs, including digital logic circuits, and reduce the time and cost required in RH circuit
design. In this paper, we design and modeling the structure of RH D-latch based on commercial 0.35¢gm CMOS process using
Silvaco’'s TCAD 3D tool. As a result of verifying the radiation characteristics by applying the radiation-damage M&S
(Modeling&Simulation) technique, we have confirmed the radiation-damage of the standard D-latch and the RH performance

of the proposed D-latch by the TID effects.
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= Radiation effect M&S tech.

= n-MOSFET(10um/1um)

= Power supply voltage 3.3V

= Fixed charge density up to 1620/cm?3

Drain current (A)

10™

—— Standard (Pre—charge injection @ 0/cm®)
—O— Standard (Post-charge injection @ 1e20/cm®)
—A— |-gate (Pre—charge injection @ 0/cm®)

—— |-gate (Post-charge injection @ 1620/cm°)
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= Hynix/Magnachip 0.35um CMOS process
= n-MOSFET(10um/1um)

= Power supply voltage 3.3V

= Irradiation up to 2Mard(Si)

Drain current(A)

—— Standard (Pre-irradiation @ OMrad)
—0— Standard (Post-irradiation @ 2Mrad)
—4— |-gate (Pre-irradiation @ OMrad)
—7— |-gate (Post-irradiation @ 2Mrad)

0 1 2 3
Gate voltage(V)
(b)

J¥ 1 L9t n-MOSFETQ} WHAMA [-gate n-MOSFETQ] HAMA
Ak (a) WA HEF M&S EIH@1e20cm) (b) FAEAMA
ANEE7H ZiH@2Mrad)

Fig. 1 Radiation effects of standard n-MOSFET and RH
(Radiation-hardened) I-gate n-MOSFET (a) radiation
effect M&S results (@1e20cm), (b) irradiation test
results (@2Mrad)
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Aol WHANSHE 9I510] =2l4At & NANDE WA 33
2 AABIATE A A0 £QEE AIM HIES o1V 9
slo] £R1E FTHUOR Tl WA FAES S8
Zoll AlHFFAL] TCAD 3D toolg AHE3to] QB NANDS} L}
AV NANDO| 3D REE 22t AABETL WAM 43k Ul
M EHS WA 8 MesE S0l ASSYT 1Y 2= o
v A2 0.35mm CMOS 2AZA 7I6Ho] =g]4AA} NAND 3D &
g xR AFEHE AE, T AElo9 =8 HEE Ve
Qom, TIARY AlolRE n-MOSFET  1m/1im(W/L),
p-MOSFET 2im/1ym (W/L)Z AA3IH 1 Gate oxide thickness
E smZ AASKILE T¥sEE n-MOSFETY Z$ Body
doping density 8el6/ci, Channel doping density 1e18/ci,
Source and drain doping density 1e20/cii0]1l p-MOSFETE=
Body doping density 8el6/ci, Channel doping density T7el7/
o, Source and drain doping density 1e20/ci, n-well doping
density 16el6/ci OJC}.

WEAKD NAND] 3D +Z2E HEHs] 91510 Qi NAND
9] n-MOSFETE I-gate n-MOSFETZ W31 &I
n-MOSFET9] 440t Tefolo] QIEGIQAOHA HAKD f F
SEAES op|ote FULSIES O]ZAIF]7] I510] [-gate poly
g gZAzon, p+t =82 F8E FIo] o n+ AEY =
ZIFQl 54 HelE EAlsh] fIgott. I8 32 HEdE uE

Abd =2laAt NANDO] 3D 20|, Hedo] AFEE S, T

E 1 WA NANDEE et NAND 3D &9 7IstshE
A H Y 5
Table 1 Geometric figures and doping concentrations of RH
NAND and standard NAND 3D Structures

Pram. Geometric figures
[-gate n-MOS p-MOS
W/L [zm/gm] 1/1 2/1
Thick- Body 3 3
ness Gate oxide 0.008 0.008
[m] Sidewall oxide 0.3 0.3
I-gate W/L [tm/m] 0.4/0.95 .
Doping concentration [/cr]
Pram.
[-gate n-MOS p-MOS
Source&Drain 1e20 1e20
Body 8el6 8el6
Channel 1el8 Tel7
n-well . 16e16
I-gate pt 1e20 .
&=A 2N 747
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Fig. 4 Radiation effect 3D modeling results (a) standard
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