Lecture #10
From Chapter 3 in Jaeger, Chapter 2 in Spencer

Diodes Basics

Outline/Learning Objectives:

 pn junction electrostatics
» Mathematical model of the pn junction
* pn junction capacitance

Selected Problems
3.31, 3.70, 3.71, 3.78, 3.127, 3.129
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How the Diode Works
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Explain space charge region (SCR) near to metallurgical junction which is depleted of
mobile carriers (depletion layer or depletion region).
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pn_junction electrostatics
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Gauss’' Law - | [E = =], soin 1D, we get |E(x) = elj'p(x)dx :
S

. o 26501 1
Total depletion layer width is |w , = X, +X = ( + D)(pJ :
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Majority carriers - holes in p-region and electrons in n-region.

Holes diffuse from p to n and recombine with many of the free electrons
there in n-type material. Leaves uncovered bound negative charges in L of
junction (acceptor ions).
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Electrons diffuse from n to p and recombine with many of the free holes
there in p-type material. Leaves uncovered bound positive charges in R of
junction (donor ions).

Diffusion of majority carriers leaves uncovered bound charges in space
charge region (SCR) and creates an internal electric field from R to L.

Under E-field, minority carriers drift across the junction.

E = ijpdx since E = v :
€g dx

Potential barrier or height act to oppose diffusion of majority carriers - h (L
-->R) and e (R --> L) and encourage drift of minority carriers.

Under OC conditions, net current is zero. Tendency of majority carriers to
diffuse is just balanced by minority carriers to drift across junction.
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Example

3 —3

N,y = 10"%cm > 3.

Np = 10"%cm > n, = 10"cm

T=300K; e, = 11.7x 8854 x 10 . . = 0.7V; v, = 0.0258V.
cm

X, = 285(1+1 A - 303um
" g \N,  Np/™ NA+Ny H

2¢€ N
X = 3(1 + L), —L2— = 303x 10 "um
N N/ "I N, + Ny

In = (qnunE+qD _x) and jp = qpupE—qua—X in A/cm~.
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The Diode behavior under applied voltage
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Mathematical Model of the Diode

_ qQvp/ nkT

Reverse saturation current (I

IS independent of the junction potential.

AID

| doubles for every 10° increase

In temperature, near room temperature.

n - ideality factor (1 to 2) - electron charge (1.6x10_1gc)

vp - diode voltage k - Boltzmann constant (1.38x10_23%

n
—| . for Vp «

] |~ = = nV
Reverse biases: | P 'S T

. Zero V: iD =0f.

qu/nkT
Forward biases: iD =|_[k for vp»nVy
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PN Junction Capacitance

NAND
N, +Np

Reverse Bias Q, = dNpX A = q( WA

2¢€
_ _ s( 1 1
Wo = Xn+Xp - Jq (NA+ND)((pJ+VR)

_ dQn _ (SSiA] 1

= av; W0 /1+VR/(pJ Anodeo »I o Cathode

C

Can be a V-controlled Capacitor (varactor)

Forward Bias Qp = ipt+ Where t; Is the diode’s transit time (1 fs to > 1 s -
depends on type and size of diode).

_ _ _ dQ PN
Diffusion capacitance Cp = a——Q -l
Vp Vo
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Schottky Barrier Diode

Characteristics - lower V.
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- significantly reduced charge at V.

- used in bipolar logic circuits.
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