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Diode modd

Objective: Introduce conceptsin device modeling for circuit analysis

QOutline: 1. P-N junction diode DC model
2. Dynamic model
3. Diode equivalent circuit
Supplemental reading:

Antognetti and Massobrio, Chapter 1



1. P-N junction diode DC model

Supporting reading: Antognetti, Massobrio, model based on P-N junction theory.
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Therelations are composed of: A) static mode - (I-V characteristics)
A) dynamic model- (C-V characteristics).

Static model

An important constant - thermal voltage:

VT:F

K - Boltzmann constant, T - absolutetemperature, g - electron charge.
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Model parameters:
N - emission coefficient (empirical, 1< n < 2), | s - Ssaturation current,
BV - break down voltage, | Bv - break down current,

Gmin - minimum conductance (introduced to facilitate numerical calculations).
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2. Dynamic model (describing char ge stor age capability)
Two components are distinguished in the charge, QD , stored in adiode

Qp =Q, +Qq

Qs - thecharge stored in the neutral regions (NR), formed by minority carriersinjected
into NR. Thischargeisdetermined by the formula

Qs =TIl
where TD Isthetransit time, a model parameter.

Qd - the depletion region charge, also called the junction charge or space charge.

The model of junction chargeisbased on approximate theory of abrupt P-N junction.
The model of junction charge can berepresented in theintegral form

Vp —m
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where: m  -isthegrading coefficient (empirical, '3 =M= 2),

(DO - isthe junction built-in potential, Cdo - isthe zero biasjunction
capacitance.



Note: Cdo - asazero biasjunction capacitanceis often denoted by Cjo . Thisisan
Incremental capacitance

The diode charge storing capability in the depletion region can alter natively be represented by
an incremental capacitance
-m
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The model of depletion charge is discontinuous at Vo =®_ . In practice Vo <®, and
theoretically thereis no problem with this discontinuity. However, in actual computations, due
to numerical errors it is possible that V, 2®, and the model has to be modified. A
modification used in SPICE isexplained in the figure below:

Theoretica |

“ Numerical
approximation
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The parameter FC deter mines the diode potential assumed as a fraction (0< FC <1) of built
in voltage, ®,, above which the diode C-V characteristic isrepresented a linear function of the
bias voltage.

The linear approximation is constructed in such a way that at v, = FC [P  begins at the

capacitance determined by the theoretical curve and its slope is determined by the slope of the
tangent to thetheoretical curveat the break point v, =FC [, .



The modified model of the junction chargeis
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Theconstants, F,, F,, F; ,determined mathematically by the above specified
condition of approximation are:

F, = 1q_’?m [1—(1— Fc)l"“]

F,=(1-FC)™"

F,=1-FC(1+m)



3. Diode equivalent circuit

It is convenient to represent the model in the form of equivalent circuit shown below
(models of transistors are also represented using suitable equivalent circuits)

o N, O N,



Summary of model parameters (SPICE)

5 static model parameters:

|, -saturationcurrent, BV - break downvoltage, 1BV - break down

current, I -emission coefficient, I, - resistance of neutral regions.

Numerical constant

G, - minimum conductance (constant selected for numerical reasons,
same for all elements).

5 dynamic model parameters:

T, -transittime, C, -zero-biasjunctioncapacitance, @, - built-in voltage,

M - grading coefficient,

FC - fraction of built-in voltage used as a delimiter between nonlinear and linear
sections of C-V characteristic.
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