Modeling of the diode with VHDL-AMS including reverse
recovery

Lyse-Aline COYITANGIYE
LEMI
University of Rouen, IUT Rouen
76821 Mont-Saint-Aignan, France

lyse-aline.coyitangiye @univ-rouen.fr

ABSTRACT

A diode VHDL-AMS model is presented which can
simulate the diode reverse recovery behavior. For VHDL-
AMS to be useful to the analog design community, efficient
semiconductor device model must be available. The model
is based on the charge transport equations and they are
simplified using the lumped-charge modeling technique.
The model is demonstrated on the Advance-M S simulator.

1. INTRODUCTION

Circuit smulation is a technique employed to verify the
intended operation of an electronic circuit prior to circuit
construction. The process of simulation requires a language
to describe the behavior of a circuit to be smulated and the
description of the circuit itself. VHDL-AMS is one such
language that supports the description of analog electronic
circuits using Ordinary Differential Algebraic Equations
(ODAES) in addition to its support for describing and
simulating discrete-event, analogue-mixed and multi
disciplinary systems|[5].

This paper presents the possibility to build a VHDL-AMS
pn-junction diode model based on the physical lumped-
charge technology[1].

2. PHYSICAL DEVICE MODELING

Physical device models are based on a description of carrier
transport physics. They can be used to characterize the DC,
transient and AC operation of devices, in addition to
providing a detailed insight into the physical aspects of
device operation. An important advantage of this type of
model is that it can be used to predict the characteristics of
new devices, based on a suitable description of the carrier
transport mechanisms.

The study will be directed to the physics-based analytical
modeling approach based on the lumped-charge technique
developed by Lauritzen[1]. This methodology will be used
to develop an extended model of simple p-n diodes. The
goa is to establish a VHDL-AMS code for a p-n diode
model that will be used to simulate physical behavior.
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2.1.The lumped-charge modeling technique

We describe the lumped-charge (L-C) modeling technique
used in the building of power semiconductor models for
circuit simulators. The L-C approach represents an
extension of the charge control and lumped model method
introduced by Linvill in the early 19608 and was first used
in the 19908 to develop compact models of power
semiconductor devices. Here, we have referred to the
Lauritzen-Ma lumped-charge diode model [1] that is
suitable for power and non power diodes. The approach
includes physics-based analytical modeling and has been
developed to replace the standard SPICE models for
accurate simulation.

In the L-C concept, distributions of charges that play a
significant role in current flow are represented by one or
more Oumpsor [packetsClof charge at specific locations
within the device. The lumps connect the input information
using expressions from device physics. The L-C genera
assumptions are, typically, that in each lightly doped region,
where injected charge carrier distribution and variation
determine the devicel$ static and dynamic characteristics, at
least one charge-storage node and two connection nodes are
needed. In the heavily doped regions, one charge node is
necessary to serve as hoth the charge storage and
connection node, since the specia variation of carrier
concentration is small [1]. The technique is based on the
fundamental semiconductor equations which are applied to
the lumped elements called nodes using the following
guidelines. The charge nodes are linked using the following
six physics equations:

- Current density equations;

- Current continuity equations;

- Charge neutrality equations;

- Boltzmannrelations;

- Poisson equations;

- Kirchoff current and voltage laws.

The first five equations describe carrier distribution and
transport between the charge nodes in the device. The last
equation connects the internal variables of the model



equations to the terminal characteristics. The variables of
the model stand for the charges and voltages

The lumped-charge diode model

In the model presented by C.Ma and P.Lauritzen [1] for a
pin diode (P'N'NY), a storage node and two connexion
nodes are chosen in the lightly doped N” region. The same
technique can be applied to a pn-junction diode.

We consider two nodes 1 and 2 in the P and N regions
respectively (Figure 1). Each node is both a charge storage
node and a connexion node, assuming that the two regions
are heavily doped regions. Physics equations can be written
for the two lumped elements.

-

Figure 1. Location of the lumped-charge nodes.

Charge carrier transport at node 1 and node 2 is derived
from the current density:
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The diffusion current equation in lumped-charge form is
[4]:
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where q,=qdAp, and q,=qdAp,
A isthe device active area, d is the distance between nodes
land2.

The carrier concentrations at the pn junction are related
by the Boltzmann relations for electron and hole carriers:
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where v, represents the junction voltage
Ppo @nd ngo is the therma equilibrium hole and
electron concentration in the N region.

The variation effects of the junction-depletion width under
reverse bias voltage are described by the Poisson equation:
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where v is the electrostatic potential, r isthe space-charge
density and ¢, isthe semiconductor permittivity.

And the J1 junction-depl etion width variation effects can be
written as[1]:
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where the constants : £=qd*n,/2¢, and I,=qAn,v.,
f, isthebuilt-in potential
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Equation implementation

The pn diode model equations to be implemented are
simple and are reduced to the following set [3]:
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Equation (6) is the pn junction equation, where
parameter Q,=glAn, represents the therma equilibrium
electron charge in the N region. Equations (7) and (8) are
the Poisson equations and account for J1 junction-depletion
width. Any variation of the charge within a p-n diode with
an applied voltage variation yields a capacitance which
must be added to the circuit model of a p-n diode. Equation
(11) represents the depletion layer capacitance where
parameter Cj, is the zero bias-capacitance.

Test verifications have been done on a rectifier diode
1N4004. Measurements of D-C and C-V characteristics are
compared with AdvanceMS and Ic-cap(Spice simulator)
simulations on Figure 2. The model parameters are
extracted from simple DC measurements as have been
proposed by C. Ma and P.Lauritzen in [1]. D-C and C-V
SPICE parameters are extracted using Ic-cap simulator.
Note the excellent match between simulation and
measurement results.
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