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Determination of Activation Energy Distribution
During Thermal Annealing in Post-Irradiation CMOS Devices
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Abstract: The annealing characteristics of isothermal and isochronal for post-irradiation
CMOS transistor were studied. The relations about radiation sensitive parameters with
isothermal annealing time and isochronal annealing temperature were given. The activa-
tion energy distribution during 25, 100 C isothermal annealing and 25-250 C isochronal
annealing for post-irradiation CMOS devices were calculated by annealing model.
According to the results, the ranges of activation energy for isothermal annealing at
25 C, 100 C are from 0. 65 eV t0 0. 76 eV and from 0. 75 eV to 0. 95 eV, respectively.
The range of activation energy for isochronal annealing during 25-250 C is from 0.5 eV
to 1.1 eV, and the peak of activation energy locates 0. 81 eV,

Key words: post-irradiation CMOS transistor; isochronal annealing; isothermal annea-

ling; activation energy

MOS ) ) MOS
, o o 20 70
, , ,MOS
:2005-08-01; :2005-10-21

(1969—), ,



2 :CMOS 233

[1.2]
° T
MOS , s L
o 5 L
o .
) SiO, ——
’ l Ly 0 t
. MOS , o V-
| ' 1
(T30 ¢ Fig. 1 Schematic diagram of temperature variation
’ for isochronal anneal
s 2 eV
:100 C La*, 250 C, 25 C, 10 min.
s 1 o , 100
25 C , ,
1 , .
CC4007RH-NMOS , ,
, tox =70 nm ,
Co vy ,
, 0. 44 Gy/s( 2
S, ) 1X10° Gy,
Ves=Vpp=-"+5 V., V=0V, s Vis s i -
Vo Vs . , ,
o , NMOS , PMOS ; , ,
o 1 .
100 C s 2 25 C (el ,
s 3 25~250 C , .
C D:D Ly , o
Lq L, 25~250 C 100 C.25 C
, n(t) ; t, , ,
32) I
3) ) .
AV, , ,
o = AT/t, . :
2Ly 1 min, dn()/dt =—on () (D
, o il sn () , ,

) 25~ n(t) o



234 41
1 (Yol
Arrhenius . e 2.2
o = Aexp(—¢/kT) (2) ,
2) (D . , o , T
- o ¢ - s y t = ckT,c
n(t) = nyexp [ AJO exp ( AT )dt} (3) ’ _—
g n(2) t=0 >0 10 min, , c=2.78%X10° s/eV,
sk s T s A R Vitaly Danchenko!"
i€ , (5)
NG = Jmno(s)exp[fAc/eTE,],(s/kT)]ds (12)
7’1([) n(&at)? ) 0
N . E, () = 2! J w e “du ,
N = an(set)de (4) dE (I)/dl‘:_E ()
— " _ ! J— €
N = JO no(e)exp[ AJOexp( T )dz‘}de B re (2 m)-le— (13)
(5 .
2'1 ngy (Eo) [
. T t ,
€0 & _
o oF Tl (kT+2) In(AckT) (14)
NG = ano(e)exp(—Atexp(—e//eT))de 6 my(ey) —— (e/kﬁ)dw(md(kﬂ (15)
0 0
0(e,t) = exp(— Atexp(— e/kT)) , (14),(15)
(6)
N = rno(ew(s,z)ds %)
0
3
€o , ) 2 “ 9
] (’)20/3_5 ) (
’ ’ AV,
eo = ETIn(Ar) (8)
e=0 ’ 0(€9t)~00 ’ « .
Ax10" s .t>10% s, e=co, =1, ’
) ) ) Vi ) — Vi )
(9(59f) -
Vrh( )_Vth( )
{ﬁ(e,t) =0 (e6<<¢) 5 |
0(est) =0 (e >¢y) ]
. (D | :
2 .
N ~J n, (o) de 9 ,
9)
dN () /dt &~— n, (e, ) de,/dt (10 ° ’
(8)‘(10) 250 QCO 25'-\’250 k(:
() L AN /d an ' 10%.
o (eo) Ao prdN(D /dr 100 C .
(8) (11D) 30% .



2 :CMOS

4 Si
(13) s Si0O,
0 , A Si0,
1X10" s ', 50.,75.100,125,150.,175.200, o
225.250 C 0.613.,0. 660,
0.714.0. 760, 0. 812, 0. 863, 0. 910, 0. 962, o ,
1.008 eV, ,
(14) o
, 3,
5 ,
1.0
a 1.0 b
0.9
R 08F & 09F
m 07 =
#® K 08F
0.61-
05r 07F
04 | | | | | | | | | | |
) 50 100 150 200 250 0 2 4 6 8
BekiEEE /K 10 *3B KIHHE /
2 CC4007RH-NMOS 25~250 C (a) 25,100 C (b

Fig. 2 Characteristics of isochronal annealing at 25-250 C (a), isothermal annealing

at 25 C and 100 ‘C (b) for CC4007RH-NMOS device
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Fig. 3 Activation energy distribution during 25 C and 100 C isothermal annealing(a)
and 25-250 C isochronal annealing(b)
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