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Initialize : set constants

Cl ear ["d obal " %"1;

O f [General ::spell]; Of [General::spelll];

<< "G aphics’ Graphics™"

(* constants )

q=160218x10"-19 (* elenmentary charge [C] =*);

k =1.38066x10"-23 (* Boltzman constant [J/K] x);

T =300 (» Absol ute tenperature [K] x);

ni =1.45x10"10 (» intrinsic carrier concentration [cm-3] =*);

e0 =8.85418x10"-14 (» permtivity in vaccum [F/cm] =);

es =11.9e0 (» silicon permtivity =);

eox =3.9e0 (» oxide permtivity =x);

Nc =2.8x10719 (» effective density of state in conduction band [cm-3] x);
Nv =1.04x10"19 (» effective density of state in valance band [cm-3] x);

(* input paraneters =x)
p0 =2x10"17 (» substrate acceptor concentration [cn-3]x);
tox =107 -6 (» gate oxide thickness [cm]x*);

(* substrate property =)

n0 =ni ~2/p0; (= donor concentration [cm-3]%);
LD=Sqrt[(kTes) /7 (p0q”"2)]; (» Debye length =)

Ec =k T/qgLog[Nc /n07; (* conduction band edge =)
Ev=-kT/qLog[Nv/pO0]; (* val ance band edge =x)

Ei = (Ec+Ev) /2+KkT/(2q) Log[Nv/Nc]; (% intrinsic energy =)

(» gate oxide prperty x)
Cox = eox /tox; (* gate capacitance per unit area %)

Fermi potential

Plot[{-k T/q ArcSinh[10~"N/ (2ni)],k T/q ArcSinh[10"N (2ni)], Ei - Ec, Ei - Ev}, {N, 15, 21}, Pl ot Rang
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Semiconductor Charge Qs as a function of surface potentia p

FIx_, y_] :=Sign[x] Sqrt[Exp[-x]+x-1 + y(Exp[x] - x - 1)];
Ex[p_,n0_]:=Sqgrt[2] k T/g/LD F[q p/(k T), n0O/p0];
&[p_,n0_]:=-es Ex[p,n0];

Print["PO=",Np0]," [cm3]\tEc=",Ec," [eV]\tE =",E ," [eV]\tEv=",Ev," [eV]"];
LogPl ot [ Abs[ Qs[ p, n0]], {p, -0.5, 1.5}];
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Energy profile: psis surface potential

ps =1 (x [V] *);
xmax = 2x 107 -5; (% [cm] =)

Print ["LD=", LD];
eval = NDSol ve[{p' [X] + EX[p[X], nO] =0, p[0] =ps}, p, {X, 0, xmax}];
Pl ot [{Eval uate[Ec -p[x] /. eval ], Evaluate[Ev -p[x] /. eval ]},
{x, 0, xmex}, Pl otRange » {-1.5, 1.5}, Pl otLabel -»"energy"1;
Pl ot [Eval uate[pO Exp[-qp[x]/k/T] /. eval ], {x, 0, xnmax},
Pl ot Label ->"hol e concentration"];
Wp_1:=-Nntegrate[l/Ex[x, n0], {X, p, kT/qLog[2]}];
Print ["Depl eti on width=", Wps]];
Pl ot [Eval uate[nO Exp[qp[x]/k/T] /. eval ],
{x, 0, xmax}, Pl otLabel ->"electron concentration"];
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Surface potential as a function of gate voltage

Vo[ p_, n0_]: =-Qs[ p, n0]/ Cox + p;

pstart=-0.46; pend=1.1; pstep=0.01;
Li st Pl ot [ Tabl e[ {Vg[ p, nO], p}, {p, pstart, pend, pstep}], Pl ot Joi ned-True, Pl ot Label »" Surface pot

(*depletion width *)

Pl 1=Li st Pl ot [ Tabl e[ {Vg[ p, n0], Sgrt[2es p/(q pO)]1},{p, 0, pend, pstep}], Pl ot Joi ned-True, Di spl a
Of[Nntegrate::singd]; Of[Nntegrate::inunj; O f[ G aphics::gptn];

Pl 2=Li st Pl ot [ Tabl e[ { Vg[ p, nO] , Wp] }., {p, O, pend, pstep}], Pl ot Joi ned-True, Di spl ayFuncti on-l dent
Pl 3=Li st Pl ot [ Tabl e[ {Vg[ p, n0], 2Sqrt[es Ei/qg/p0]},{p, 0, pend, pstep}], Pl ot Joi ned-Tr ue, D spl ay
Show[ {PI 1, Pl 2, PI 3}, Di spl ayFuncti on-$Di spl ayFuncti on, Pl ot Label »"Depl eti on wi dth"];
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MOS capacitance

Fc[x_,y_]:=If[Abs[x] <10"-8,Sqrt[2(1+y)], (- Exp[-x] +1+y(Exp[x]-1))/F[x,y]];
Cs[p_,n0_]:=es/LD Fc[(q p)/(k T), nO/p0]/Sqrt[2];

pstart=-0.25; pend=1.2; pstep=0.01;
Pl cl =Li st Pl ot [ Tabl e[ { Vg[ p, n0], 1/ (Cox/ Cs[ p, n0] +1) }, {p, pstart, pend, pstep}], Pl ot Joi ned-Tr ue, |

pstart=-0.25; pend=1.2; pstep=0.01;
Pl ch=Li st Pl ot [ Tabl e[ { Vg[ p, n0], 1/ (Cox/ Cs[ p, 0] +1)}, {p, pstart, pend, pstep}], Pl ot Joi ned-True, P

pstart=-0.15; pend=4;
Pl cd=Li st Pl ot [ Tabl e[ {Vg[ p, O], 1/ (Cox/ Cs[p, 0] +1) },{p, pstart, pend, pstep}], Pl ot Joi ned-True, Pl

Show[ { Pl cl, Pl ch, Pl cd}, Pl ot Label ->""];
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Phi F[p_] : = Mdul e[{n, LD, Ec, Ev},
n=ni"2/p,
LD=Sqgrt[(kTes)/ (pq”2)1;
Ec =k T/qLog[Nc /nJ;
Ev=-kT/qLog[Nv/pl;
(Ec +Ev) /2+kT/2Log[Nv /Nc]
1
VT[p_1:= PhiF[p]l +Sqrt [2qpes 2Phi F[p]] /Cox;
Pl ot [VT[10"p], {p, 14, 18}, Pl ot Range - {0, 3}1;
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