E€290|] IDEAL DIODE EQUATION DERIVATION

Minority carrier diffusion dAn J2A A a d°A
=quations (valid in quasineutral S Dy ;p = = =Dp g” o
region where E field =0) ot dx TN ot dx Tp
Steady state (DC voltage, d2A A d? : "
current: all d/dt = 0) 0= DN—;IE—'—HP* 0= Dp P 2P
dx” TN dx Tp
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"LAW OF THE JUNCTION"
at edges of depletion region
(assumes quasiFermi levels
flat through depletion region) Pp= NA

np = 2paValkT Ev

Boundary conditions Na = No
at edges of depletion region

from law of the juncti

{from law of the junction) (;VAM.'
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Boundary conditions
far from depletion region
{returns to equilibrium conc)
Aup(_r =—ce}= ()

Ap, (x = +o) =

y

=Xp Xn

Solutions to differential e v kT (x+x, )Ly
equation subject to Anyy =—L— (1 ik —le M(

2
(I< —y ) AP zﬁf_( ff‘ 'I.fk; ]e_('r_"_ﬂ,v{‘}' (XZ +_.(”)
- 2] il
boundary conditions A :

Np

dAn d
Current density Iy= (fDN_L Jp= —ql)pﬂiﬂ
equation dx dx

lug differential equation = ; o
solution into current  J, = —fi—l— (F(;VAIk! < 1}8("’”"‘;! }/LN (x<-x,) Jp= _ﬂi’{_(eff‘r’hﬂf ~le (x=x)f Lp (x2+x,)
density equation LN N4 ! Lp Np



dAn dAp,

Current density Iy = (fDN—J“L Jp:= —qDPT"-
equation dx
Dy w2 qvatkr _, (x+x,)fLy 2B Ty el s
Iy :(’,_N._I_(ef 4 —le AT (xS =x)) Jp= (’ s —he (x=+x,)
Lhr N‘_‘ ! l{aP ND

Plug dilfercntial cquation
solution into current
density equation

) Ipi- J.Pglc'(”):a‘lp(x“)
Assume no R-G in

depletion region

Steady state: total J
constant throughout

I given by sum of hole.
electron components at
cdges of depletion region

o JN (—.I'P) +JP(.\'H)

=Xp Xn
Evaluate current density D T Dp n Vil kT
expressions al edges of In(= ";;}—fi_""ﬁ""‘_\:_( AVl -1 Jplxy)= qL—N’_( e
depletion region ! e
Dl ii?  Doild
Total current density e SRETY +—££i"—}(e(fvf“'” )
Ly Nao Lp Np

Total current I=JA 42 2 -
Current density x I=gA {Bﬁ +&f‘—}(eqv"w -1
junction area A




