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ABSTRACT

A two-dimensional Iossy shunt TLM network is

adapted to simulate the Maxwell field equations of

a GaAs MESFET. By discretizing the channel into

rectangular sections of single thickness, the new TLM

technique is shown, with examples, that it can simu-

late the calculated electromagnetic fields of an arbi-

trarily doped channel section.

INTRODUCTION

The TLM technique cannot be extended into

physical modelling of a Ga.As MESFET because it

cannot direct Iy model either of the transport equa-

tions (particle, energy, and momentum conservation

equations) which govern the fields in the conductive

region, or Poisson’s equations which govern the fields

in the depletion region [1]. Thus, an indirect mod-

elling approach becomes the only alternative. By seg-

menting the MESFET channel into rectangular sec-

tions of single node with Al, and length b(-z, z), as

shown in Figure 1, MESFET modelling can then be

realized wit h two procedures:

(1)

(2)

TLM modelling of t he rectangular sections to en-

able the electric and magnetic fields to be inter-

related by the local conductivity and length

through Maxwell equations, and,

Embedding the mathematical algorithms de-

scribing the transport and Poisson’s equations to

dynamically control the conductivity and length

of each of the rectangukw sections so that cur-

rent continuity, depletion zone volume, and ap-

plied voltages are enforced.

Figure 1: Cross-sectional view of a MESFET structure.
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Thk paper reports on the successful realization

of the first procedure.

THEORY

By adopting the MESFET modelling assump-

tions:

(1)

(2)

(3)

the depletion regions is completely empty of car-

riers,

the transverse field component .EX in the channel

is zero, and,

the diffusion of carriers is negligible,

Maxwell’s equations in the MESFET are re-

duced into two dimensions:
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(1)

(2)

(3)

The two-dimensional shunt TLM node in Fig-

ure 2 originally used for modelling carrier diffusion[2’)

is adapted here for the first time to simulate the

Maxwell semiconductor equations. With dual mod-

elling in accordance with Babinet’s principle, the

transverse node currents, lZ and l=, simulate the

MESFET’S transverse electric fields, Ez and E,, the

node voltage V., simulates the longitudinal magnetic

field, Hv, the node resistance, r, simulates the local

conduct ivity, rs, and the node inductance, L, sim-

ulat es the system’s dielectric const anct, G-CO. This

TLM node can model conductive media to a large

accuracy provided that the loss tangent is kept well

below unity. This is achieved by maintaining the De-

bye length, Ld, as t he upper limit of the node to node

spacing A :

(4)
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Figure 2: TLM node for MESFET analysis

The relation of Debye length to doping in GaAs

shown in Figure 3 is used to calcualte the loss tangent

at 30 GHz. The loss tangent in Figure 4 is well below

unity for standard doping levels.
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Figure 3: Debye length versus GaAs channel doping
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FigUt’e 4: Loss tangent versus GaAs channel doping

The boundaries of a conductive dielectric rect-

angular slab must be translated into an electromag-

netic equivalent for TLM modelling. One compli-

cation arises when attempting to model the base

of the channel at the channel/semi-insulating in-

terface where the tangent ial magnetic and electric

fields are non-zero. By converting the structure into

a symmetrical one through mirroring the structure

at the channel/semi-insulating interface, this com-

plication, as well as the node intensive meshing of

the semi-insulating substrate is avoided. Neglecting

the semi-insulating substrate in MESFET numerical

calculations leads to a small error since the chan-

nel/substrate space charge layer contribution to de-

vice characteristics is especially little when a buffer

layer is used[3]. In a rectangular section of the sym-

metrical MESFET structure the vertical walls are

modelled as perfect electric walls, and the horizon-

tal walls are modelled as perfect magnetic walls.

By considering the rectangular sections as di-

elect ric slabs of arbitrary conduct lvit y dist ribut 10IJ,

a(x), sandwiched by metal cent acts and connected

to a point DC voltage, the electromagnetic fields can

be calculated. The theoretical steady state field dis-

tribution for a slab thickness Al and length 2b is

sketched in Figure 5 and is obtained by assuming that

the voltage is applied at a single point in the centre

of the rectangle. The voltage imposes a steady state

electric field:

v

‘“”–xi (5)

The magnetic field arising from the conduction

current density is:

<z,

6HV _

6X –
–(7(Z)EZ

v

(6)
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Figure 5: Field distribution in a cross section of a
rectangular conductive dielectric.
O[x] symbols= magnetic field into [out] of
page, arrow symbols= electric field
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which upon integration and enforcement of the

boundary conditions that the current density on the

horizontal boundaries must be zero leads to:

Z=(3

dx=~
JAl .=-b

a(x)dzfom <0 (7)

/

Z= b

Hv = –Ez o(x)
X=(I

The transient field responses, on the other hand,

are obtained by emulating the MESFET channel as

a constant current source. The rectangular section

can equivalently be also modelled as a magnetic field

source feeding a lossy dielectric represented by a par-

allel resistor capacitor network. The electric field re-

sponse to a magnetic field step can be shown to be:

E=(t) = ~ [~ - .-(+)] (9)

The time constant is obtained in terms of the

resistance and capacitance per width:

where O.v. is the average conductivity:

(11)

The magnitude of the maximum magnetic field

is determined experimentally to depend on the TLM

pulse energy, A, and the relative dielectric constant

CT :

Hy = 2.65 x 10-3A& [Amperes/m] (12)

RESULTS

Comparison of the theoretical and experimental

results of TLM method are given in two examples for

the cases of (1) uniform and (2) non-uniform channel

conductivity. The parameters of the uniformly doped

rectangular section of a MESFET channel are shown

in Table 1. The theoretical and experimental steady-

state spatial magnetic and electric field responses in

Figures 6 and 7 show virt ually exact agreement. The

magnitude of the magnetic field linearly increases to

a maximum at the center of the rectangle where the

point voltage is applied, while the electric field is spa-

tially constant. The linear distribution of the mag-

netic field arises from the integration of constant con-

ductivity. The calculated and experimental electric

field transient response to the constant magnetic field

is shown in Figure 8. The TLM trace exhibits a first

order response enveloping decaying second order si-

nusoids. The origin of the decaying sinusoids can be

shown to arise from:

(1) the impact of impulses into the second order

TLM shunt node, and,

(2) the length of the rectangular sections.

Filtering of the high-frequency components of

these ripples is demonstrated to generate the entire

calculated response including its time constant. Con-

sider in the second example the case of a linearly

doped MESFET channel with the parameters shown

in Table 1. The theoretical and experimental steady-

state spatial magnetic and electric field responses in

Figures 9 and 10 also show virtually exact agree-

ment. In this case, the magnitude of the magnetic

field quadratically increases to a maximum at the

center of the rectangle while the electric field is still

spat ially constant. The quadratic distribution of’ t he

magnetic field arises from the integration of linearly

increasing conductivity. The calculated and exper-

imental electric field transient response to the con-

stant magnetic field is shown in Figure 11.

Id j

5X103 :
solid line= calculated results

2
circle symbols= TLM results

‘o
&

‘:”’&-1O(X).O -500.0 0.0 500.0 1000.0
x (Angstroms)

Figure 6: Steady-state spatial magnetic field
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square symbols= TLM results
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Figure 7: Steadv-state spatial electric field
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Figure 8: Transient response of the electric field
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Figure 10: Steady-state spatial electric field
?

Example 1 Example 2

b[~] 1000 1000

(7[Q– M] 10800 10.8x[x in [~]

Ld[A] 111 111
Al[A] 50 50
At[S] 6x 10-’7 6x 10-’7

A 106 106

TABLE 1: Example 1 & 2 parameters

CONCLUSION

A TLM technique is successfully applied into

the modelling of conductive dielectric rectangular

sections of a discretized GaAs MESFET channel.

Research will continue to use these results for the

full time domain GaAs MESFET modelling by em-

bedding the mathematical algorithms describing the

transport and Poisson’s equations into the new TLM

technique.
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Figure 9: Steady-state spatial magnetic field
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figure 11: Transient response of the electric field
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