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Causes of carrier motion

« Drift: Caused by electric field (or potential difference)
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« Diffusion: Caused by difference in concentration of

carriers
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Drift currents

» Drift: Caused by electric field (or potential difference)
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« Drift current density
J Plari =qu, pe for holes
g

Var = GHLNE for electrons

« Terminal velocity reached for high E-fields



Mobilities
Siatroom temp(almostpure)
1, =460 em” /V —sec (at N, =10"/cm?)
u =1360em?® /V —sec (at N, =10"/em?)
GaAs atroom temp (highpurity)
i, =400cm* /¥ —sec (at N, <10" /cm?)

1, =8000em” /¥ —sec (at N, <10 /em?)

« Electrons faster than holes



Deplng dependence
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« Mobility decreases as result of increased

scattering by ionized impurities



Temp dependence
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Resistivity and doping

* Resistivity
J = l&E: p= 1
P glu,n+u,p)

« Effect of doping

p= l_ forn-type p= I_ for p-type
qu,Np qu,N 4




Diffusion current density

+ Concentration gradient

J pag =90, VP

J_,*.Edm.,ﬁ =gD Vn




Einstein relationship

(summary)
D.h. kT
— = For electrons
A, 4
D, kT
- = For holes
H o

« Units of diffusion constant: cm2/sec



Total currents

——

., o~

o ,

'I.F' :'{qﬂuppg ;‘_lqﬂpvp H.I'I

J, =qu nk 2 ':{.D”‘Fn /

~
drift diffusion




Band-bending
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Energy-voltage relationship

+ Energy diagram is flipped graph of voltage
PE =—gV
— Er: _Erej'

« Therefore, electric field proportional to slope
of energy diagram

€ =-VV
1 dE, 1dE, | dE,
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Band bending ...
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« : Sketch the & of the material w/ above
energy band diagram.

« Q: Whatis the direction of drift for each of the
charge carriers shown?




Depletion region formation
/‘1 recombination

Eﬁfnrle * Quasi-neutral
equilibrium regions:
| negligible e-field
' Depletionregion o
At . ﬂ:_Eketch V(x)
equilibrium using
e=-VVWV

Quasi-neutral regions



Non-uniform doping ...

+ Electrons diffuse |~ _ee . XYY
from high Ny area & '
to low N area ... O -

« Fermilevel 8 o55—E. 5
equalizes across ‘:’Dzﬂ‘j —
the material ... .

L1 &

+ But relative energy g \ i
levels in each area = seee
(far from junction) Z
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... results in band-bending

—'-\ oo + Q: In which
sese direction is the

electric field
‘jgzc? . Gausu_ad by band
oo bending?
| _ « Band-bending sets
n equilibrium,

up electric field
stopping further
diffusion

Jp=qu,p€—gD Vp=10
Jo=qunE+gD Vn=10



Built-in potential

Ve +

« |nternal
potential V;is
sum of built-in

potential V;
plus any
externally
applied
potential V




Built-in potential V,,

*Energy levels K -

relatedto 77 ST 19V *From
charge conc_/ : gV, =a+b
by ff egns: ‘we get
hl"r,a = p=h P AT AT
AL RES
Ny=n=ne g !.




Built-in potential V...
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» Q: Suppose N4=Np=10"/cm? for Si at 300K.
— Compute V..

— Sketch the energy band diagram of the diode.
Compute the spacings between E- and E; at both
ends of the diode.



P-N junction at V=0
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P-N junction electrostatics
Built-in voltage is
+ N | j opposite polarity to V;
y (V2O ;

(2) Lowers V,; to V,

T

(3) Raises E_, to E,’




Forward-biased P-N junction
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Reverse-biased P-N junction
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Summary of qualitative
diode behavior

* Fermi level no longer flat when net currents flow
— Use guasi-fermi levels
« When diode is forward-biased

— "ON" current is mainly diffusion current

— electrons diffuse from N to P region, where they become
minority carriers

— similarly, holes diffuse from Pto N ...

« Minority carrier diffusion dynamics are important!
— Leads to ideal diode eqguation
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