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Abstract. A simple quantitative model predicting fairly well changes 
of MOSFET's characteristics by high-dose -y-irradiation is exposed. The 
dose of irradiation ranges from 10 kGy to 10 MGy. 

Pe3IOMe. Ilpe.n.cTaBJieHa rrpoCTa.Jl MO)J.eJlb, KOTOpa.H O'leHb xopomo OT
pa>KaeT Ka'leCTBeHHble H3MeHeHHJi MOSFET-xapaKTepHCTHK rrpH rroMo
lllH BblCOKHX .ZJ.03 -y-Hppa.ZJ.Ha~ - OT 10 kGy .n.o 10 MGy . 

1. Introduction 

In many cases of the practice MOSFET's operate at environmental conditions char
acterized by the presence of high-energy irradiation. That is why it is valuable to 
have the possibility of evaluating the changes of I - V MOSFET's characteristics 
due to absorbed dose of irradiation. The influence of an irradiation on the channel 
carrier mobility in a MOSFET has been treated in a few papers till now. So, it 
is known that the ionizing radiation generates electron-hole pairs in the insulator 
of MOS structure [l). The electron is mobile and can be easily forced out of the 
insulator by the gate bias. This leaves a uniform background of relatively immobile 
positive charge (holes) in the insulator and the threshold voltage VT is negatively 
shifted. If there is enough positive charge, n-channel enhancement-mode devices 
will turn on even without the normally required gate bias. If a positive gate bias is 
applied,the situation gets worse as positive charge is forced to the interface where 
it remains trapped for a long time. In addition, positive charge forced to the in
terface may cause an increase in the fast interface density [2). The increase in the 
interface state density brings considerable decrease in channel mobility, a decline 
in MOSFET gm, and an increase in the subthreshold leakage [3). The electric field 
is one of the factors which increases the trapping rate of positive charge in the in
terface states and leads also to an increase in the trap cross section of the interface 
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state buildup. In this context a quantitative model describing changes in I - V 
MOSFET's characteristics is undoubtedly of a practical interest. 

2. Experimental 

MOS transistors were manufactured by standard LOCOS technology (p-type Si 
(100), NA = 3.5 x 1015 cm-3 , gate wide to length ratio (W/L) is 20µm/20µm) 
with gate oxide thicknesses t 0 x ranging from 21 nm to 105 nm. The structures 
(without external bias) are irradiated with Co-60 gamma source with a dose rate 
of 10 kGy /h, the highest reached dose being 10 MGy (1 GRad). The transfer 
characteristics of the transistors were measured in the linear region (VDs = 30 mV). 
All measurements have been done after two months relaxation-time. 
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Fig. 1. Experimental and modelled transfer characteristics of transistors with different 
oxide thicknesses:t 0 x = 28 nm; 59 nm; 77 nm and 105 nm 

3. Model 

We are looking for a relation describing transfer and output characteristics of irra
diated MOSFET's. Let's start from a channel current relation as give by Crowford 
[4]: 
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(1) 

where A = µe!J Cox W; µef J is the effective channel mobility; Cox is the gate 
oxide capacitance per unit area; 'PF = kT/q[ln(NA/ni)] is the bulk Fermi po
tential; NA is the bulk acceptor concentration; 'Pm• is the metal-semiconductor 
work function difference; Q,. is the fixed positive charge at Si-Si02 interface; 
VB = JI+ V(y)/2cpp/Cox is the depletion voltage; V(y) is the potential along 
the channel; t/;, 0 ,...., 2ipp is the surface source potential at inversion. 

We shall adopt an expression for the surface channel mobility in the form: 

(2) 

where µ 0 is the low-field mobility (I Va - VT 1-t 0) ; Exe = 6 x 104 (V /cm) is 
the value beyond which the field-effect mobility dependence is dominating; a is an 
empirical matching constant and <P accounts for the radiation effect influence. As 
known the surface field E,, expressed in terms of the total charge induced in the 
semiconductor, is 

(3) 

where Q,(y) = C0 x[Va - VFB - t/;,(y)] is the total charge per unit area induced 
in the silicon; t/;,(y) = V(y) + 2ipp is the surface potential at strong inversion and 
VFB = Q,./Cox +'Pm• is the flat-band voltage. Taking into account the expression 
for the threshold voltage VT as given by Sach and Pao [5] 

Tl" v: Q •• VT = 'Pm• + 2ipp + B + -C , 
ox 

(4) 

we get for the surface charge distribution along the channel the expression: 

Q,(y) =[Va - VT+ VB - V(y)]Cox· (5) 

Then, after substituting (5) in (3), Eq. (2) becomes: 

(6) 

with 0 = Cox/&,&i· 
Finally, for the drain current 

L Vo 

ID(Va, VD,<P) = J Iedy =A J FdV, 
0 0 

we obtain (taking into account (4) and (6)) 
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with 

and 
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Vv 

Iv= BJ F*dV, 
0 

F* = [Va - Vr - V(y) - VB( Jl + V(y)/2cpp - 1)) 
[Exe+ {Va - Vr +VB - V(y)}e]a 

which is the main relation we are looking for. 

(7) 

(8) 

In order to determine both unknown parameters - the low field mobility µ 0 and 
the parameter a , supposed to account for the field-dependent trap cross section, 
a simple procedure is used. 

Here we shall illustrate this procedure for MOS transistors, the virgin Iv (Va) 
characteristics of which are presented in Fig. 1. 

(i) - 0 and VB are evaluated for a given oxide thickness and doping concen
tration; 

(ii) - a rough estimation of Vr has to be made. This can be done, for ex., by 
linear extrapolation of the transfer characteristic at Vvs «:I Vas - Vr I; 

(iii) - for a guess value of a the calculation of the integral in Eq. (7) has to be 
made at different values of Va (as example Table 1 displays results for a = 0.155 
by tox = 59 nm); 

Table 1. The experimental In(Va) values, the meaning of the integral in Eq. (7) cal
culated for different values of Va, the value of B, as well as the mean square error (f of 
B 

t0 x = 59 nm; a = 0.155 

Va, A In, A {F°dV B 

1 9.20 x 10-7 0.00275 3.35 x 10-4 

fJ = 3.45 x 10-4 

2 2.67 x 10-6 0.00742 3.60 x 10-4 

5 6.66 x 10-6 0.0193 3.45 x 10-4 

(f/B=2.7% 
7 9.00 x 10-6 0.0265 3.40 x 10-4 

(iv) - the value of B =Iv/ J F*dV as well as the mean square error u of B 
are evaluated; 

(v) - procedures (iii) and (iv) are repeated for various values of a; the minimum 
of the function <r / fJ = f (a), Fig. 2, determines a 0 - the best fit value of a; 

(vi)-the asked value of µ 0 is then determined from Eq. (8), at <I> = 1, B = fJ 
and o = oo. 
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Fig. 2. The matching constant CL as a 
function of <T / fJ by gate oxide thickness 
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Fig. 3. Comparison between calculated 
(dashed lines) and experimental (solid 
lines) output characteristics for tox = 
105 nm 

Fig. 1 exhibits a good agreement between experimental and modelled transfer 
characteristics of transistors with different oxide thicknesses; 

tox = 28nm, 
tox = 59nm, 
tox = 77nm, 

tox = 105nm, 

(µo = 880 cm2 /V /s, 
(µo = 1100 cm2 /V /s, 
(µo = 1010 cm2 /V /s, 
(µo = 1077 cm2 /V /s, 

ao = 0.16), 
ao = 0.18), 

ao = 0.16) , 
ao = 0.16). 

The discrepancy (I Inexp I - I Inca! I)/ I Inca! I is 15 % by tox = 28 nm, while 
by the other thicknesses it is less than 5 %. Modelled output characteristics are 
presented in Fig. 3. A comparison between experimental characteristics, charac-
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Fig. 4. Comparison between experimen
tal (solid lines) and calculated (dashed 
lines) output characteristics: 
curve t:CL = 0.15; curve 2:CL = 0.155 and 
curve 9:µ = µo 
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teristics computed at µ = µo and such computed as described above is made in 

Fig.4. 
An empirical form of the function <I> accounting for the irradiation effects on 

the device parameters is derived using the transfer characteristics of MOSFET's 
irradiated with doses ranging from 10 kGy to 10 MGy (Fig. 5): 

D 
a+ ,Bln[l + -] 

<1>{1 - Do } ln[l + DDo] 
'Y + 1/tox 

(9) 

where D is the dose in (Rad); Do = 1 (Rad); a= -1.5 x 10-3 
; ,B = 1.3 x 10-

3
; 

'Y = 1.33; 1/ = -3. 7 x 10-4
. 
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Fig. 6. Comparison between transfer characteristics of irradiated MOSFET's and model 

predictions for a - tox = 59 nm; b - tox = 77 nm 

Fig. 6( a and b) displays computed and experimental characteristics of the irra
diated devices for different oxide thicknesses. 

4. Summary 

A quantitative model describing changes in I - V MOSFET's characteristics by 
high-dose 1-irradiation is proposed . The low-field mobility µ 0 and a parameter a 
(supposed to account for the field-dependent trap cross section) were determined 
for MOSFET's with gate oxide thicknesses t 0 x ranging from 21 nm to 105 nm. 
A modelling of output and transfer characteristics of the transistors, irradiated 
with doses ranging from 10 kGy to 10 MGy has been done. Comparison with the 
experimental data shows a discrepancy of the order of a few percents. 
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