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Density of carriers in extrinsic sC

 (General considerations:
— Concentration of 10onized impurities:

ionized impurities = impurity concentration X prob. finding e/h at the imp. level

my N, _— 1
' “1+exp[(E,—EkT] & M ‘N“('_1+exp[(En—EF)/m)

— Neutrality condition

holes + ionized donors = electrons + 1onized acceptors

p+Ni=n+N;

N4

_ N,
1+exp[—(Ep—Eg)/kT]

=) N exp(—Ep/kT
exp(— Ex/kT)+ 1+exp[(E, — Eg)/kT]

N expl —(E, — Ep)/kT] +

which can be solved for Eg



Density of carriers in extrinsic sC

* n-type material:
~N;>>N,&n>>p wm ﬁ+Nd —n+9@

—1+{1+(@N,/N ) exp[(E,—Ep)/kT]}'"
- EKP(EF/kT): { 2dexp(—ED/kT) :

e p-type material:
—-N,>N;&p>>n == P+I)f —/z‘+N'
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Compensation doping

e Compensation: both donors and acceptors

— Suppose all impurities are ionized (N, = N,* & Ny = N,*)
np =n?

— Neutrality: n+N,=p+N, s 52— (N,— N Jn—n?=0

2 11rd
— n=Nd;Na+Nd;Na[1+(N%”_‘_iﬁ) 1 (Idem for p)
d ‘'a

e Extrinsic compensated »<|N,—N,|
n~Ny;—N, p=N,—N,

for N,>N,:

for Ny>N_: 5
p=ni/(Ny—N,) n~n?/N,—N,)

 Intrinsic compensated >INs—N,|

n=n;+(Ny—N,)/2 p=m;+(Ny—N,)2



Electrical conduction in sC.
e Conductivity

— In a sC we have e”’s and 2*’s moving: -
A
J. =neu.é& & .fh =peuhéf’ - J=Jc+Jh :fe(n‘uﬂ+pyh?(f
—Ina n-type sC (n>>p): o, ~enu, ~eN4u,
— In a p-type sC (p>>n): o0, ~epuy=eN,p,

e Diffusion (when density gradients are present):

— In a neutral gas with gradient in the x direction:

area A .
Force on the elemental volume Force on each particle

: - dP dP , 1 dP

X

Selite T, 1dP /TKT 1 dN
) Up= ‘ by
M N dx Up \\M/IN dx



Electrical conduction in sC.

e Diffusion of charge carriers

— In a sC with a concentration gradient of the e~ and A*:

o 1 dn
¥pe = °n dx
1 dp

", = "5

m=) J, = —nevp=eD, dn/dx

= Jp, = —eDydp/dx

— Diffusion coefficient 1s related with mobility:

kT Fehr
M

D

D.=(kT/e)u.
D, =(kT/e)u,

D, /. =D,/ —kT/e

— Total current flow

J.=neu & +eD Vn

J,=peu,& —eD, Vp

Jp=0 . current can be compensated at

& =D
E—)> PAVPIPIY 4 particular electrical field



Continuity Equation for Minority Carriers

* General considerations:
— Describes how charge density varies in time.

— Two main causes for the variation:
e Rate of generation and loss
e Drift of carriers

e No current flow (no gradient & no &)

— Let’s consider a p-type material:
dn/dt=G—R

Variation = Generation — Recombination

% 8

In this case, only T _
dependent R =rn(0) p(?)



Continuity Equation for Minority Carriers

e No current flow (no gradient & no &)

— Consider first equilibrium:
dn/dt=0 =) G(T)=rny,p,=rn{

— Now consider variations from the equilibrium:

n=n, +on “ p=p,+ dp  with on= Sp é—To mantain charge neutrality
==>  (dn/dt)|;_, =[d(on)/dt]|,., =G(T)—r(ny +n)p, + dp)

p,>>n,
0

I [d(on)/dt]|,; o= — % — Py On—rpdp <= Considering T=const.

= [dOn)/dt]l;—o = —rpedn=—dn/z,,

ss electron

CACTS

— For a n-type material:

d(dp)/dt= —op/y,,

concentration, én




Continuity Equation for Minority Carriers

e With current flow
{nmﬁuxwxwvn
J. = —nevy

¥ iy ne=J(x)evn
. (%) Jo (x+ 6x) N+ 8x— M =5n=[JE(x+5_x)—J¢(x}]/evD
e  n(x+dx) _L oJ, i
n (x) -EUD(Je(x)+ o 0X Je[x))
¥ ixay 1 8J, =0 3G 19J
= ¢ (s - e e €
- 5” €Vp 0x * at clt.l_{rcnl 2 ax
e Total continuity equation
Qon)li- g 0 0% dem for holes)
Ot |total TLe e 0Xx
n=ny+on | 5(§ 2
But J =neu &+eD Vn ) (on) iy on +Hegxa(én) +D 0“(dn)
ot TLe Ox 3 axz




Semiconductor Measurements
e Hall effect

— Consider p-type material
ohmic
Vo contact

L : _
B +i+ i I'=evx B mmy|F|=ev, B,
z: .




Semiconductor Measurements
e Hall effect

— Consider p-type materiha_l

contact

F,=evxB ‘ |FL| =e vy, Bz

d

‘ €(§F=FL=€\’DIBZ




Semiconductor Measurements
e Hall effect

— Consider p-type material

ohmic
Vo contact

Z F,=evxB ‘ |FL| =e vy, Bz

Bz +':.(f + o

/ ¥ : ‘ 8(53;, == FL =evaBz
2 &,=J.B,/pe
£ e & Jx = PeUpy
f,’ y ++-I;0+ o
= d : /) The Hall coefficient is defined:
Vi

Ry =&,/J.B,=1/pe

+I ~
loas

 If V; and [ are measured:

- K, Vad 1
VH gj‘w Rl‘l = —-—--_.I;I.__. erj — i_ —
I=J . wd wiB, IB, pe



Semiconductor Measurements
e Hall effect

— Consider p-type material

ohmic

7 Yo contact The Hall angle is defined:
# tan 0=4¢,/6,
: J.B, o
’ o t.‘-ln 62 TLE "
= pe J, Hn B
oqY
: !) ‘ My =Ryo

+I ~
|'|'|'

— For a n-type material:

RHf _ - lfﬂe



Semiconductor Measurements
e Hall effect

— Consider both type of carriers to be present:
Uph = Oy Fy, =-e(vp, x B)= —evp, B,

Upe = = P F,=e(vp, X B)= —evp, B,
e A net current 1s created in the y direction
oé,=e(pv,, —nv,.)
* Now, using the expressions for the Hall angle
o =M, = py(8, tan O) = (B, B,) & Ve =He 6B,

- ng = e(pﬂ]% = nzu'g)ngz

e Hall coefficient
o =e(ny,+ppy,)

2 2
8, elpui —nug) i —npd
Ry =7t=Hhe > R S TRLT

L] 4



Semiconductor Measurements

e Four-point probe method for conductivity meas.

— Consider d << L For the current leaving A:
J =1/Q2nr?) =y & =J/c=1/(2nor’)

G e Potential at a distance a from A:
guides
g d i l dr *—-—I—’*—
needles Vﬂ: _ﬂméar g —EE —vmrl “2710"{1
AVAYNNN ™
| = Ve 2n0(2d)  4nod

Identically for the current entering D, then:

|

V=2V :m



Semiconductor Measurements

e Minority carrier life-time and mobility.

fo

C.R.O. Mobility:
voltage pulse
e ?_—Hr/' d,t, ng : | — dittucon vp =dfty ‘ pE=pV/l= dft,
U /

T —_ ohmic
'ﬂ rniting holes 1‘/ contact ‘ .u —l !d/tu V
n-type bar
l
+| T
|I III v
Life-time:

d(0p)/dt= —bp/ty, TE) Op=03po exp(—1/Tin)



