p-n junctions

A p-njunction is ametallurgical and electrical junction between p and n materials. When the
materials are the same the result isa HOMOJUNCTION and if they are dissimilar then it is
termed a HETEROJUNCTION.

Junction Formation:

Oo¢t—oHo6o66eos

P
Na acceptors : -

n

+ + + +

Np donors

AAA— ©O5

1. Mgority carriers diffuse [holes from p to n and electrons fromn ® p]

2. Bareionized dopants are exposed on either side of the junction. Positively charged
donors on the nside and negatively charged acceptors on the p-side.

3. The dopant ions are contained in aregion of reduced carrier concentration (as the mobile
majority charges have diffused as stated in (1)). Thisregion is therefore called the

depletion region.
- -+ +
p - -t n
- -+ o+
el o
-Xn Xp
w(0)
AAAAA P Jaiffusion
< Jarit

4. The process of diffusion continues until the depletion region expands to a width, W(0),
such that the electric field in the depletion region Egepl is large enough to repel the
diffusing carriers. More precisely,

Jnitfusion = Jarift (once equilibrium has been established)
FOR EACH CARRIER SEPARATELY
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5. Thedriving force for carrier motion is the ELECTRO-CHEMICAL POTENTIAL
DIFFERENCE that exists between the two semiconductors in the bulk prior to junction
formation

In band diagram terms here are the before and after pictures:

Evacuum
A A
ax O, qx
E... = |\ E.
Y EFn
o/, E, a4, - /&)
B =B, - EFp
EFp v -
E, C— - 3

BEFORE: THE TWO MATERIALS ARE SEPARATE
Definitions:
a) gx = Electron affinity in units of energy. (use eV or Joules)

b) Er, = Fermi Level in the p-type material or electro-chemical potential of the p-type
material.

¢) Er = Fermi Leve in the ntype materia or electro-chemical potential of the ntype
material.

| NOTE: THISIS THE ELECTRO-CHEMICAL POTENTIAL OF ELECTRONSIN BOTH CASES

d) oA, and A, are the work functions of the two materials (p and n) respectively.

e) Note that the work function difference between the two materials q (/Ep - /En) isthe
difference between the electro-chemical potentials of the bulk materials Er, and Erp,
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AFTER: The materials are brought together to formajunction. The fermi levels Er, and Er, now
equalize or Ery = Ep = E- (IN EQUILIBRIUM)

a) Assumethe p-material is kept at a constant potential (say ground).

b) The p-materia has to increase its electro-chemical potential of electrons (upward motion
of the bands) until the fermi levels line up as shown in the diagram below where the

effect is ssimulated using two beakers of water in equilibrium with different amounts of
water in each besker.

p n p n
POTENTIAL
DIFFERENCE
[ ] _| Energy i ncreesei |
BEFORE: TAP CLOSED of thep £ AFTER TAPOPEN

material

¢) The lowering of the electron energy of the ntype semiconductor is accompanied by the
creation of the depletion region.
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d) The depletion region has net charge and hence the bands have curvature following Gauss

Law:
E=Ar— E =Electric Field
x |
Az r
OR ﬂ_z =- — = - ﬂ
fix | X
where V = Potential energy(of unit positive charge)
TE, _r
OR v = T E. =- gV = Electron energy (Joules)
X

or -V = Electron energy (eV)

NOTE

NET CHARGE U CURVATURE OF THE BANDS
NEUTRAL REGIONSP NO NET CHARGE U BANDSHAVE NO CURVATURE

DO NOT CONFUSE SLOPE WITH CURVATURE
Neutral regions can have constant slope or equivaently no curvature
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CALCULATING THE RELEVANT PARAMETERS OF A p-n JUNCTION

- §+ +
Tt 1. SCHEMATIC OF THE JUNCTION
I B ol
- i+ o+
AN 0K
-Xp : XItO : Xn
E 'Ar(Cci’n %)
r=0 «No 2. CHARGE PROFILE
T+ r =0
+++ &
-qNA/' - o- :
£=0e R e o0 =0 3, ELECTRICFIELD
™ ! ™% 1

E = Emax @ the junction, x =0

tqvbi :q(/CEp - /&)

4. BAND DIAGRAM

NOTE: qV,; =0/, + 0/,
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In the analysis depicted in the foru diagrams above, we assume

() that the doping density is constant in the p-region at Na and in the n-region at Np and
that the change is abrupt at x = 0, the junction.

(i) the degl etion region has only ionized charges —gNa (Cem™) in the p-region and +gNp
(Ccm®) in the nregion. [Mobile charges in the depletion region are neglected, i.e. n,
p<<Na and Np']

(iii)  Thetransition from the depletion region to the neutral region is abrupt at (-Xp) in the
p-region and (+x,) in the nregion.

Calculation of the built-in voltage

From the band diagram it is clear that the total band bending is caused by the work function
difference of the two materials. If you follow the vacuum level (which is always reflects the
electrostatic potential energy variation and hence follows the conduction band in our
homojunction), you see that the band bending is the difference of the work function of the p-type
material g4, and the ntype material q/4&,.

aVy, ~ 9/, - o/,
The built-in potential is therefore the internal potential energy required to cancel the diffusive
flow of carriers across the junction and should be exactly equal to the original electro-chemical

potential which caused the diffusion in the first place. THIS IS REASSURING.

To calculate Vi, from parameters such as doping let us follow the intrinsic level from the p-side,
Ep, to the nside, B. Again the total band bending of the intrinsic level is the built in potential

or Ep —Ein=qVu
or (Eip — Er) — (BEn —EF) = qVhi

Defining Ep—Emasgirs  [Notein equilibrium
And Ern — Einas gAmn Ern =B = B

We can rewrite qVy,i as 94 + ¢ = qVii

From Fermi- Dirac Statistics:

E-E Eip B EFP %TE
=ne——F o ne_—T=pe
pPo n RT i kT n
similarly n_ =n, o5 Ee
RT

Assume full ionization
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P =N, and n, =Ny

O QA
\ N,=ne—2 & N.=n e——mn
AN T o S
_ N, — Np
or O, = kTInF & 04, —kTInW
e N N, U
\ o/, + 9k, =KT dn—2+In—
e n na
or qVv,; =KTIn N:‘FID
vy = <L Nalto
q n

Calculating Depletion Region Widths

From the electric field diagram, Figure 3

The magnitude of the area under the electric field versus distance curve (shaded areain figure 3)
isby definition |y, E >d><‘ = Voltage difference between —x, and +x, = Vy,

1
or Vi :EW%Emax|

él .
~— BasexHeight
& J

u
H

Vbi Z%%Xn +Xp)xq'l\&xp

We now invoke charge neutrality. Since the original semiconductors were charge neutral the
combined system has to also be charge neutral (since we have not created charges). Now since
the regions beyond the depletion region taken as a whole has to be charge neutral. OR all the
positive charges in the depletion region have to balance all the negative charges.

If the area of the junction is A cnf then the number of positive charges within the depletion
region fromx = 0to X = %, IS

dNp x Xn X A = Coulombs
A
Coulombs cnmi® gm'?’ cn?

Similarly, all the negative charges contained in the region between x = -x, and X = 0is
aN , >, xA = Coulombs



charge neutrality therefore requires
aN X, XA=gNx, XA or | N,x, =N,

X, | IMPORTANT

To calculate w, %, and %, we use the above relation in the equation for Vy below
1
\ :E>(Xn + Xp) XE o

p-side n-side
1 N N
:E(Xn-'-xp) q'l* AX Vbl = (Xn+xp) q'l* L Xn
Substituting for x,
1aN, + N OgN l1aN, + N, OgN
oV, =-¢g—— xp+qA 2 X, Vi =5¢ Xn+qA =X,
2& N, P 2& N, g |
21 aN, +N. 0 21 aN, +N. 0
or Vbi =& A D +Xp2 . =({ A D +an
qNA e ND ] qND e NA a

NOTE: in this analysis |E,, | was calculated as

qT—NAxp from the p-side and qihxn fom the nside

21 N, 1
- |=__x v ){\/
& \/q N, (N, +Np)

21 N, 1
- | x % ){\/
\/q ND (NA+ND) "

W=x +X,
JN, u
@\/_x\/N +Np \/NDX\/NAJ’NDH
21 é N, +N, u
@\/N N xJN N, §
W = 2_|xNA+ND X/,
a  NJNp
IN EQUILIBRIUM W(O):\/Axgei+i2x\/u IMPORTANT
qd éNa Npg
In general
21 ee1 1
W) = —’i;—+——( T\
q eNA N

V is the applied bias{ +|V| in reverse bias (w expands)
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- |V| in forward bias (w shrinks)

Vi tV|

[Vie|= amount of potsstial

1. Total Band bending is now Vy;
2. The shaded area

FEATURES:

3. The edges of the depletion region move towards

the junction or W decreases.

4. Eg - Ep

separate by an amount equal to the potential

difference applied, V.

>
+
>
W|.
0 2R
= o
< o &
m = ®
& £ 856=22
Y 8 8 3 2
2 ESsufg
X .o 25, &
Smew.mw.m
-
W123.4.
LL
v)
o
3
o
o
- ©
%)) o
< > £
o > '
_V m
0
mmn I m
=
: Fere
o 4 g8 &
VF



Current flow in p-n junctions

A. Forward Bias

—  » JpoiFrusion
N JorIFT

I

EFp

EFn

Zero Bias

P P

‘]DIFFUSON + ‘]DRIFT = O

‘]DIFFUSON + ‘]DRIFT = O

VERY IMPORTANT

— 5 JoiFrusion
<4— JpRIFT

E
E,:p e » Fn

="

Forward Bias

The depletion width is
reduced which increases the
diffusion current. The drift
current remains the same.
The net current is due to the
imbalance of drift and
diffusior

Under forward bias electrons from the n-region and holes from the p-region cross the junction
and diffuse as minority carriersin the p and n-regions respectively. To understand how excess
minority carriers are injected and diffuse one has to understand the LAW OF JUNCTION which

now follows.
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Consider the two situations shown below one at zero bias and the other under forward bias.

Note that E isafunction of xtand is Ep in the bulk
p and B, in the bulk n.

Notethat p(xdisaways given by
_E(x9- E(x9
p(x§=ne—"—_

Where E (x) and Erp(x) are the intrinsic fermi-level
and the fermi level for holes at any place x.

Since we are at zero bias and at equilibrium B, is
not afunction of x¢.

(x9- E .- E-- E,- E
ofapene Bl B B

n KT
= - E - éi - Ei (XQ O
N x=0 P - neElp F g S P b
po kT e kT 17

x¢=0is@ x=-x, | x¢=W is@ x,

or p(x9 =(pY,)e X9

KT LAW OF
E,- B9 THE
where oy (x9© "T JUNCTION
or p(x9 decreases exponentialy with the local band

bending
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Note that the edge of the depletion region on the nside x =x, or x¢=W the hole concentration is

given by

p(x¢=W) =

Ppp €

oy (x¢=w)
KT

The total band bending at (x¢=W)is Vy

\ p(x¢=wW)=

We know that p( x¢:W) is the hole concentration in the ntype semiconductor or myo

So,n

Let us verify that what we derived does not contradict what we learned in the past.

- AV
KT

2

_ni —_
N, =——=p,e

nnO

KT

VLRI
q

e'%—

ppO

KT

- gV,

2

L
ppO nnO

no ppO

KT

or with full ionization

KT
V, =—

In

NAND
2

SAME AS BEFORE
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n”g _‘3 (V:L_____
an (_ Xp) an(- Xn)
Change the ] Consider
coordinate system only the
sothat x, in n-region.

x@coordinate is 0.

V

THEN IN THE nregion

Dp, (x§ = Dp, (0)e "

4

©
Dp,

X=X,
xC=w
x¢=0

On application of aforward bias the electron and
hole concentrations continue to follow the relation

-y (x9

that p, (x4 = p,.€ the law of the junction.

The difference from the zero bias case is that at the
edge of the junction of x¢=W
y W)=V, - V., not Vy asin the zero bias case.

(Vbi - V|: )

\ pn (VV) = ppOe_ kT

My W
or pn (\N) = ppOe_ kT >ekT

e
P.(0) = R

THE MINORITY CARRIER CONCENTRATION

ISRAISED FROM ITSZERO BIASqv VALUE
ave
BY THEFACTOR e |

IMPORTANT
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Similarly the minority carrier concentrations at the edge of the depletion region on the p-sde
de
n, (- X)) =nex
What happens to these excess carriers? They diffuse away from the edge of the depletion region
to the bulk. The profile that governs the diffusion is set by the recombination rate of the minority
carriers in the bulk. The situation is analyzed by the continuity equation.
A

©
Dp,

>

x4
At any point xdthe continuity equation states 1x x), ¥ =G- RUsng, 3, =3."
q
g2 p (x® Dp (x9
by neglecting drift currents (which will be explained later) we get - D, . —=- t”

p
d? d? : . d?
Note that Fpn(xg =F( pn(X@ an) since F pnO =0
d2 d2
\ d—xzpn(x@:d—xszn(X@

2
p 9,09 _Dp.(§ _,
d, t,
We know that far away from the junction the excess hole concentration has to be zero since

excess holes have to eventually recombine.
x¢ x¢

\ Dp,(x®=ce Lot cze_L_”

where L, =./Dpt , = Diffusion length of the holes

which can be proven to be the average distance a hole diffuses before it recombines with an
electron.

Also, ¢, © Oas Dp, ® Oas xt® ¥

X

\ Dp,(x§=ce™
Ve
At x€=0 Dp,(0) =p,(0) - Pyo = P& - P,

o e g
or|Dp,” = p,yce® -1 IMPORTANT
e q

K

Dp, (x4 = Dp,(O)e -2
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This exponential relationship applies to the minority electrons as well where

n, (X

A

Dn, (0)

X

x®=0

x®
Dn, (x®% = Dn_(O)e "
Qv
Dn, (0) = nyo e - 1+
e %)

(New Coordinate System)
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DERIVATION OF THE DIODE EQUATION UNDER FORWARD BIAS

We now have the minority carrier charge profiles[WHICH ISALWAY S OBTAINED FROM
THE SOLUTION OF THE CONTINUITY EQUATION]. From this we can calculate the current
across the diode.

Note that the current measured anywhere in the diode has to be the same and equal to the current
in the external circuit.

e
p T+ n
_[f+
A — _ x=01 _
3> I g
I
[
ppo i i nnO
. ;
1 | no
3, =3, +3, | | 3, =3+,
J o ! v
Py I .
JT = \derm ‘ i i K\] <JT = \]nd”ft
Jndiffusion®0 J diffusion® 0

Xx®® ¥

p
x€@® ¥2
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g IMPORTANT

[
=

“._ FIGURE

Observation: Far from the junction diffusion current ® Oas J (x® =- qudi Dp, (x®

X

d® gy D LYy
=-adDb, ern(O)e e u= +q >er (Oe b Y
"dog R i

Dp x4 | -3

Since Dp,(x® ® 0 as x¢® ¥
3, (x® ® Oas x¢® ¥

Since J; isawaysconstantand J; =J +J intheregion far from the junction

_ drift ff drift f
J, =3, 4/+Jp +}{"ﬂ

t 4

No dopein No dope in
electron hole
profile profile

N, * F(X) P+ F(X)

drift

So what about J,” or MINORITY CARRIER DRIFT CURRENTS?



We assumed the regions beyond the depletion regions were neutral. However, the application of
a voltage across the diode must result in a field in these regions as shown below.

p I n
E T+ E
— > _+4>
-1 +
I
\%

This can be readily understood if you break the diode into three regions, the bulk p, and the bulk
n and depletion region. Since the bulk regions are highly doped they are conductive and hence
have a small resistance. The depletion region, which is devoid of carriers, may be considered a
large resistance. SCHEMATICALLY/, we can consider the diode to be as shown below.

V, V,

bulk, p bulk, p
A —s AL
Roui. Roulkn
C |
| Rjunction
[
\Y
It can be readily seen that the voltage drop in the bulk regions are much smaller than the drop across the junction
\ J J drift J drift
P
=qm, >‘% E +qgm, xp,, E (in the n-region)
dr|ft el+ m pnO
e M Ny U

drift

J; @J, WM tar from thejunctionas J ;<< J, anit by the ratio — M xPno
m

nnO

D
Since we are considering low level injection where Proo <<1

Mo
MINORITY CARRIER DRIFT CURRENTS CAN ALWAYS BE NEGLECTED

Far from the junction the current is carried by majority carrier drift OR J p = J anit inthe p bulk and

drift
JT = J "% inthe n bulk. Asisapparent from the figure as you get closer to thejunctlon because minority carrier

diffusionissignificantand J; =J +J  isawaystrue, J isaways J; - Jp inthenregion.(Jnisalways

drift diffusi -
J ot J TS but it is not necessary at the moment to evaluate each component separately).
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HERE COMES AN IMPORTANT ASSUMPTION:
We assume no recombination or generation in the depletion region. Thisis valid because the depletion region width,

W, iscommonly << L, and alsoit will be proven later that recombination only occurs at the junction (x = 0)

because of the carrier concentration profiles and hence is limited in extent. The latter is the correct reason soyou
have to accept it.

1. 1.
If this is true then the continuity equation dictatesthat —NxJ / =G- R=0=—NxJ ORBOTH J, and
q q

J p are constant across the junction (as shown).

So IFWE KNEW J,and J »in the depletion region then we could add them to get the total current

J; =J, +J, (everywhere) = J, + J,, (depletion region for convenience)

But we know J pal the edge of the depletion regionisonly J pdiﬁ (on the n-side because the minority driftis

negligible).
\ J, (depletion region) Assumption of no G-R in the depletion region J pd'ﬁus'on (x®=0)

D
OR J, :qL_pr“(O) - from (2), (3)

p

D, &l
J,= qL—p Proge"’ - 1+-(43)
p e (4]
D &2 o
Similaly J, =gq—"n ;" - 1+-(4b)
Ln e a
3 =3, +3,
é P, n_ Ugsede P
Jr =qeD, = +DnL—"°t;gekT -1+ { |MPORTANT
e p n He g .. L

Note: The assumption of no G R in the depletion region allowed us to sum the minority diffusion currents at the
edges of the junction to get the total current. This does not mean that only diffusion currents matter. Current is
aways carried by carrier drift and diffusion in the device. The assumption allowed us to get the correct expression
without having to calculate the electric field in the structure (avery hard problem).
qv
So JT = JS gekT -1
e [7]

- (b)

é u
1m0, B0, e}
e P n

I+ = J; XA (A =Diode Area)
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REVERSE BIAS CHARACTERISTICS

The case for reverse bias is very different.

Here the application of bias increases
barriers. The only carriers that can flow are
minority carriers that are aided by the
electric field in the depletion region.

HERE the minority carriers are electrons
injected from the p-region to the n-region
(OPPOSITE TO THE FORWARD BIAS
CASE).

First Observation:

Since we are only dealing with minority carrier currents we know that minority carrier drift can
be neglected. Hence only minority carrier diffusion is relevant. To calculate diffusion currents
we need to know the charge profile. Charge profiles are obtained by solving the continuity
equation (in this case equivaently the diffusion equation as drift is negligible).

We assume that the large electric field in the reverse-biased p-n junction sweeps minority
carriers away from the edge of the junction.

Assume n, ( Xp) =0 SCHOCKLEY
_ BOUNDARY - (7)

And  p,(+X)=0 conpITIONS
We also know that the minority carrier concentration in the bulk is n , (p-type) and p,, (n-type)
respectively. Therefore, the shape of the curve will be qualitatively as shown, reducing from the
bulk value to zero at the depletion region edge.
Consider the flow of minority holes. The charge distribution is obtained by solving

d”p,

" dx@
assuming that the only energy source is thermal.

D

+G,,- R=0-(8)
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d? -
Then D, dxfl)ﬁn + p”(f[ Pu = -(9)
ﬂ P

Note that this term is a generation term because p, < p,, for al x@. Thisis natural because both
generation and recombination are mechanisms by which the system returns to its equilibrium
value. When the minority carrier concentration is above the equilibrium minority carrier value
then recombination dominates and when the minority carrier concentration is less then that at

equilibrium then generation dominates. The net generation rate is (analogous to the
recombination rate).

G, - R= p“°t'

Pro” Py (ASSUMING t  the generation time constant = recombination GR=0
p
which is??7??)

Note: when p, = p,, truein equilibrium.

d’Dp, (x§ + Dp, (x4 -0
dx@€ t

p

Again using Dp, (x® = p,,- p,(x® weget D,
+X€ X
Again Dp,(x§=Ce " +Cpe ©
C, =0 (for physical reasons)
At x¢=¥ Dp ® 0
At x€¢=0 Dpn = Pwo- Py (0) = Pro
- x¢
\ Dpn (qu = pnOeLp
—_x¢
Pno - P (qu = pnOeLp

& 20
OR P, (X@ = Pro él- e’ : _(10)
a

\ The flux of holes entering the depletion regionis J (x#= 0) :qu% (x¢=0)
X

Dp . Dp
J,=q—xp,, Smilarly J, =g—n,,
LP LP
Assuming no generation in the depletion region the net current flowing is
é n,u
3,=qéD, e+ p, 0 -(11)
6 Ly L. g
This is remarkable because we get the same answer if we took the forward bias equation (valid
only in forward bias) and arbitrarily allowed V to be large and negative (for reverse bias)
LAY
e J=J,ce - 1+ If Vislarge and negative Ji =- J, which is the answer we derived in 11.
e 2




In summary,

The equation (11) can be understood as follows. Concentration on the p-region. Any minority
carrier electrons generated within a diffusion length of the n, depletion edge can diffuse to the

edge of the junction and be swept away. Minority electrons generated well beyond alength L,
will recombine with holes resulting in the equilibrium concentration, n,. Similarly holes

generated within, L, adiffusion length, of the depletion region edge will be swept into the
depletion region.

IMPORTANT OBSERVATION:

Look at the first term in equation 11. The slope of the minority carrier profile at the depletion
edge = Puo — (Difference from Bulk Value)

L L

p p
generation dominate.

Thisis always true when recombination and

A

ope

pnO

p, =0

N

: >
- Reversebias

Recall that even in forward bias (shown below) the slope of the carrier profileis again
Difference From Bulk Value _ Dp,(0)

L L

p p

A

el o
dope Dp, =p, -1+
p\/v_/ p poge 2
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In the event that there is light shinning on the p-n junction as shown below

T

,| V\XZO

then the charge profile is perturbed in the following manner

Dn Gt , Dp,Gt,
npo Pro

- X X = Xr|
x=0
where far in the bulk region an excess minority carrier concentration is generated where
Dn, =Gt and Dp, =Gt |
The new equation to be solved for reverse saturation current differs from equation 8 in that a
light generation term is added.
d’p
DPW-FG“W- R+GL:O or D

d®p . Py~ P
+=0 L+G, =0
P dxe t, )
only’difference net thermal aeneratior

with boundary conditions similar to before p,(¥) = p,, +t ,G_ and p,(0)=0

& 20
weget P,o(x =(p, +t pQ)él- e”+
pbulk 2

ﬂpn (0) — Pno *t pGL

The slope of the charge profile at the edge of the depletion region is

Ix¢ L,
+t G, 0 . .
\ J, =qD, aeM+S|mllarly, J”(szo):q&(qtn*'npo)
Lp 5 L,
J - qu ynPbU|k + Dpnbulkg
Reverse En Ln Lp Q
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By changing the slope of the minority profile at the edge of the junction | can control the reverse

current across adiode.

JA

' g

J:can be charged
by changing the
dope of minority
carrier profile.

Controlling and monitoring the current flowing across a reverse bias diode forms the bases of a

large number of devices.

METHOD OF CONTROLLING THE MINORITY
CARRIER SLOPE

DEVICE

1. TEMPERATURE: Recall that the dopeis (for the p-

o Noo
material) given by T

n

n
Jgn=0D, =
s,n q nL

2

n
But npo =_1_
ppO

Assuming full ionization p,,* f andisaways » N,

>
>

\ Js,n(T):q%cha)Nv(r e ¥

EXPONENTIAL DEPENDENCEON T
(the other terms have weaker deperdence).

THERMOMETER
Read J and extract T

51




2.Change n, to n, = n,+Gt  asdescribed. The
generation rate is dependent on the input photon flux.

\ Js,n :q%ﬁ’] p0o +GLtn)

n

M re J

s,n

Determine G, and input photon flux

PHOTODETECTOR
(used in optical communications)

3. Change the minority carrier concentration by an
electrical minority carrier injector i.e. a p-n junction.

TRANSISTOR

A TRANSISTOR, short for TRANSfer ResISTOR, is the basic amplifying element in
electronics. The basis of its amplification and its structure is shown below.

FORWARD BIA

S REVERSE BIAS

pnp

~—

~

Y
E

c
C

A transistor consists of aforward bias junction in close proximity to a reverse bias p-njunction

so that carriers

npn

B
Y

C
n

-

-

FORWAR[;TSIAF
H]

REVERSE BIAS
|
|

injected from forward bias junction (from the emitter labeled E) can travel through the
intermediate layer (called the BASE and labeled B) and across the reverse biased junction into
the COLLECTOR, labeled C.
Schematically for the case of the emitter being a p material and the base being ntype, (a pnp
transistor) the DOMINANT CURRENT FLOW (to be modified later is shown below).

ED

P NnJECTED " P
HOLES COLLECT
~ ~HOLE
E B C

52




The holes injected from the p-type emitter contribute to the EMITTER CURRENT, Ig, and the
holes collected contribute to the collector current, I.. These currents in the diagram above are
equal (AN APPROXIMATION TO BE MODIFIED LATER). This situation is equivalent to

I . —»
/|/|/WL .
il | R
Vin vour
applied measured

The forward bias junction across which the input voltage is applied has alow resistance.

| A

I1{7151”
V
<+“—> >
I%arge

The forward bias resistance of a diode can be readily calculated from the I-V characteristics

LU av
I =IS({~ekT -1le=1 M

[}
1
® v G -
\ =V _&l 6 =eaA, e o OR R—aeixl or|R=K" [IMPORTANT
M &NVg kT &KT ql
Asl increases R decreas&e
25mvV

Note that @ room temperature at acurrent of 25 mA R = P =1W FOR ANY DIODE

Thereforein atramsistor aSMALL INPUT VOLTAGE can generate alarge current, g, because
of the small Ry,. This same current flows across a large resistance (as the reverse bias resistance
of the collector junction is large) as I.

\ The measured voltage across the output resistance, R, is |.>R,, . Theinput voltage is
I XR,.\ Thevoltage gain of device, A ,is

IMPORTANT| A, =Yar = 1R _ Ruy
\/in lERn Rn

In general, if you can control a current source with a small voltage then you can achieve voltage
amplification by passing the current through a large load resistor.

m/@/’ R. = LOAD RESISTOR
| controll

by small Vi,
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Recall that we could modulate the reverse bias current by changing the minority carrier
concentration flux injected into the junction. The diagram is reproduced below.

| A

ls gf (npO’ pnO)H

! \) -
|

|

Increasing
n,and p,

A transistor achieves modulating the minority concentration by injecting minority carriers using
aforward biased p-n junction. Recall that a p-njunction injects holes from a

A——>
P «—1—o0n

p-region into the n-region (raising) the minority carrier concentration from p,,to anew value

P, (X)
p n

P, (X)

n,(x)
nPO % pnO

The same applies for the n-region. Let us now consider a p-n-p transistor. It consists of ap-n
junction that injects minority carriers into another but now reverse-biased p-n junction.

p n p
EMITTER BASE COLLECTOR
\ _/ %

This junction Thisjunction

injectsminority  collects carriers
carriers




