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Alstract—The /- ¥ characteristics of the hydrogensted amorphous silicon Static Induction Transitor are
ablained by performing o simmolation in wo dimensions connidering electrons and holes wogether for the
Fret Hime, The results show that the device hos hasically four modes of operation that we identify and
interpret physically! saturation, channel opening, olmic and drain current inversion, The study ol the
inMierce of the clectron concentration ul the ohmic contacts, the channel width and the deep level density
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of stites on the switching propertics of the device is undertinken. Besides, we show that the on-current
Is comtrolled by the electron concentration at the ohmic contacts whereas the off-current is controlled hy
the electron concentration at the Schottky contact. Finally, we show thal the furn-ofl voluge increwscs
when the chunnel width o the deep level density of states increase,

NOTATIHON
A pransverse surfince of 4 wngle channel device
i digtinee between two leeminals in the 1D diode
mandel
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J, electron current densily

J, hole current density

kT Boltzmann constant fimes lemperature T

£ pate ta gate distance

n electron concentretion

n Intrinsic concenirEtion

fl, eleciron concentration at the chmic contacts
Mtk clecteon concentration a1 the Scholtky contact

" trapped electron consenlration

N number of channels

L S dopant concentration at the ohmic contacis
n hole concentration

P hole concentration at the chmic contacts
Prctnky hole concentration at the Schottky contact
A trapped hole concentration

i electron charge

R recombination rate

t thermal velocity
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Vi wirn-olf voltage

L™ length of the depleted region in the 10 diode
model

i a5 H permittivity

"y free space permittivity

e electron mobility

#y hole mobility

d, electron caplure crods-sechon

o, hale capliire crims-section

. clectron capture cross-section of acceplor-like
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Ty hole capture cross-section of ncceptor-hike deep
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L. . clectron capture cross-section of acceptor-like
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. hole capture crosi-seetion of acceptor-like tail
states

[ electron capiure cross-section of donor-like
deep stales

Ty hole capture cross-section of donor-like deep
stes

[ . electron capture cross:section of donor-like eail
siates

Ty hole capture crosssection of donor-like tail
slates

@y contact potentil

¥ electrostatic potential

W ohmic contact electrostatic potential

L — Schotiky contact electrostatic patentidl

1. INTRODUCTION

The low temperature and large arsa deposition prop-
erties of hydrogenated amorphous silicon {a-5i:H)
has stmulated research as to the capability of such
4 semiconductor Lo efficiently enter in the Fabrication
of switching clements for large area liquid-crystal
displays. The low drift mobility of this material
and problems attributed to the presence of traps
at the imsulator/a-Si:H interface in MISFET wype
structures{]] have led Ueda et al. {2] to propose the
use of the Static Induction Transistor (SIT) geometry
for this application. Performing a 1-D analysis of the
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Fig. 1, Schematic representation of the 4-5i:H SIT. The dashed line is the mirror symmetry axis, Only
the Jeft part of the figure is needed in the simulation

operation of the device, Ueda er @l|2] showed that
a-5i M may eficiently be used for the renlization of
stich swilches,

Basing our noalysis on a 2-0 numerical simulation
which takes realistically pocount of most a-5i:H
parnmeters, we pim in this work for a deeper under-
stunding of the d.e. operation ol the a-5i:H SIT with
the goal of identiflving the most significant switching
design parameters, This analysis takes o account
both types of curriers, reflecting the crocial de-
pendanee minority carriers have on the occupation of
the traps. In the next section, we present the model
and the calculation techniques on which the analyvsis
is based. We show in Section 3 that the uansfer
characteristics are composed of four modes of oper-
ation, We also show that although the global behav-
ior of the amorphous SIT bears @ resemblance with
its covstalling homonym, the underlying mechanisms
are radically different. Section 4 deals with the
influence of design parameters on the switching prop-
erties. We identify the physical {actors. influencing
these properties and give some guidelines for the
optimum design of the device

2. THEORETICAL ANALYSIS

21 Muodel

The Static Induction Transisior we consider in
these simulations is composed of the periodic repeti-
tion of & of the cell struciures shown in Fig. 1. In this
figure, both the source and drain are ohmic contacts,
the gate is a Schettky contact and the bulk of the
device is filled with intrinsic a-8i:H. Using trans-
lational symmetry from cell to cell, mirror symmetry
about the center fine in the channel and the fact the
length of the gale is three orders of magnitude larger
than the two other linear dimensions, only half of a
2-12 cell is needed in the simulation.

The basic equations for the descniption of the static

operition of the device are:

F:'P'"“j_"lfﬁ_"‘}'f’l_”l} i1
divd, = g¢R, (2)
divd, = —gR, kY]

where p and n, are the trapped hole and electron
concentrations. The electron and hole current densi-
ties J, end J, are given by:

- 3
J, = qf).,(‘irn krn?ﬁr). i4)
) q
== v
J, .-;!J,( fi +kTp"-’l,!r). (5)

where the Einstein relations valid for non-degenerate
semiconductors have been used. All scalar and vector
differential operators are used in their 2-D {orm.

Equations (1}3(5) are subject to two boundary
conditions. At the ohmic contacts, conditions  of
thermal equilibrium and space charge neutrality are
assumed, that is:

Pafty =1 tﬁ.:l

F'qﬂo'.F.'\-'_nltﬂn'Fuj-"Fu _"o+"*'ro-'lrrnil:=ﬂ f?}
R kT, n,

P = Fapuu.er_' LB ? ]USE {H‘}

where i, and p_, the electron and hole concentrations
at the ohmic contacts are solution to the coupled
non-lingar equations (6)-(7) and where N, 15 the
activated dopant conceniration at the ohmic con-
tacts. In this paper, we assume that /.. is identical
at both contacts. At the Schottky contact; we assume
also thermal eguilibrium which leads to[3]:
E 12— gqdig :[

(9

Menammy ='".“T-'|: T

(10

1
FPocsaniy = 1] 1 Mgcponny
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E
r'gll;l.:llul:ln:r = Vuppbed + E: - ‘.ﬁll-' ”I"

On all the remaining boundaries, the mirror sym-
metry enloroes:

G dm dp |:
fx ox dx

). (12}

where the coordinate convention is indicated in
Fig. 1.

Hydrogenated amorphous silicon is characterized
by a continuous distribution of localized states. We
asswme the density of states (DOS) o be composed
al four bands: a donor-like valence band tail, an
peceptorlike conduction band tail amnd 1wo decp
levels bands, one acceptor-like the other donor-hike.
Using & model intermediate between the one used by
Sakatn and Hoyashil4] and the other by Muller ef
al [5], we deseribe the DOS by,

UEY = gy E) + g E) 4 g E) 4 gl £) (1)

. -
g = x.cnn[ W —‘ {14)
T -ET
Bl EY=pg nxn{ — J (15)
W,
T E—ELTF
HMIH‘FHJLL‘W{—E-[ - | I (16)

ITE-Ey T
Zl ) =£":1U1U|: = :}L W s J J. [
= o

where the subscripts A, D, 1 d stand for acceptor,
donor, tail and deep states respectively and where the
vilues of the DOS parameters £, Eo. Ex. We. W,
and Wy, are given in Table 1.

We treat the occupation of the mobility gap stales
according 1o the analysis developed by Simmons and
Tavlor[6]. We neglect the correlation between the
deep Jevels by doing so. In the steady-state; the
probability of occupation of a trap level a1 energy £
is given by

O Tl gy
-ﬂIEF ""-P} - !"rh{l:rrﬂ + "‘rrF:' + l.fu+ E."}'

(18]

with e, =re,n expl(E — E kT and &, =Ly
expl(£ — E){AT)]. Following Sakata and Hayashil4]
we {urther assume that the capture CrOss-seCli0ns are
both constant for all energics in a given band.
The densities of trapped carriers are given by

il

£
i pl= EJ dE gud Elf g (E np). (19)

I
P1lﬂ-F]|=EJ‘ dEgo (B = fe(En pll, 200
i £y

where the summation runs over all acceptor band
types for 7, and over all donor bands for p, (7 stands
for L and o representing tail and deep states

Table |, Parameters wsed in the simulations

c 117 &
i I em® Vv -ia-!
i, 0l em Vs
i 4w 10 em !
E, 1.7V
E [rev
£ 0.]e¥
n, 10" em~"
&3 (R
3 10" em ey’
o 10" cm el
£ 01e¥
W, 01616 eV
i, 0.04835 eV
En <. [%e¥
E\ B3%eV
Wy, 0,15eY
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Wy = iy 0 e
P ™ g it em®
T ™ Py 1 " em®
O e ™ e 10" em®
MHuin (o sooroe Ssacng 17
Rolrce 1o gale spacing L0 pm
Giate 10 diin spacing RN
Ciate width 20 pm
Gate thchmnen 08 pm
Cenber of gate yn oonier

ol gale spacing A jirm
Number of cclls o0

respectively and fi(E n, p) [respectively fo(E o p)
is abtained from eqn (18) through the replacement of
a, and g, by a,, and g, [respectively oy, and ap,, ]).
The recombination rate is given by

[

Rin.p)=Y% J
I Jk

xdg Lot gy oy
Galoun +a,p)+ (e, + &)

where the summation runs over all types of donor
and acceptor bands ([ stands for A¢, Ad, Deand D).

All relevant parameters used in the simulations are
presented in Table | Let us point out thul electron
and hole mobilities are both assumed constant.

2.2 Calewlation techniques

Equations (135 together with the maodels for m,,
p, and R form a set of coupled pon-linear partial
differentizl equations, to be solved on the 2-D geam-
etry of Fig. | with the boundary conditions given by
eqns (64-{12). The numerical techniques we use 10
solve these equations are based on finite differences
methods. Since the coupling between the dynamics of
trapped carriers and the free onesis Lo be accounted
for. we usc a linear version of the adapted Gummel
method that we developed in detail elsewhere[8. 5],
The continuity eguations are both discretized by the
Scharfetter-Gummel[10] method and the evaluation
of the recombination rate is performed at the begin-
ning of each iteration. The iteration procedure is
stopped when either the maximum relative correction
is less than 10°'° or when the number of iterations
exceeds 20, The simulations sre performed on a
31 x 31 gnd. We checked that the error on the
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current involved with such a small gnid is less than
% by going 1o larger sizes

3 ANALYSIS OF THE I-F RESLILTS

The SIT with the parameters of Section 2 is
simulated with the poal of extracting the /—§ charac-
teristics, Figure 2 shows the transfer characteristics of
the drain and source current fi; and £ with the drain
biased al 2, 4, 6 and 8 V. For means of comparison
with Rel[2], the current in this and other figures s N
times the single channel device current, where the
number of channels & is taken as 100 exeept if
exphicitly stated. There exist four modes of operation
which we called saturation (I}, channel opening (11},
chmic regime (111} and drain current inversion {IV).
We wish to show that this nomenclature is indeed the
correct one and do so by first identifving the physical
mechanisms underlving the four modes and =econd,
by supporting the analysis with a 1-D approach
allowing us to recover independently our main re-
sults. Before we proceed, we first analvse the gate
leakage current since most of the discussion that
follows relies on it

AL Gate leakage curren!

The study of the pate leakage currem is performed
by pgrounding both the source and drain and by
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applying a bias on the gate. To simplify the analysis,
the geomelry s taken with the gate halfway between
the ohmic contacts. From Fig. 3 where the gate
current f; is plotted as a function of ¥, we note that
the characteristic has a saturating behavior when
Vo< 0 and an exponential one ul low positive bias
lollowed by an ohmic regime at higher voltages. Thus
the device has o diode-like operation mode, which is
expected from its geometry ns we show below,

The caleulated reverse bias results ure supported by
i 1-D analysis based on the difusion model and on
un exiension of @ model presented first by Suzuki et
al |7]. The diffusion model predicts for 1-D diode the
relationfi 1]

0 R o

fo= NAnk Tn,,(:xp :—T . |) [. e ._-,;p(_‘li:;”)
L !

(22)

where d is the length of the diode (1.5 um), A the
transverse surface of a single diode and & the number
of diodes in parallel. In the work of Suzuki er @f|7],
the potential distribution & {x) for an infinitely long
a-81:H Schottky diode in the reverse mode is ob-
tained, The extension to a finite length device is
presented in Appendin A. These models can be used
to predict the behavior of the leakage current in the
SIT because the semiconductor variables are essen-
tially 1-D) in the regions betwean the source and gate
and between the drain and gate: besides, the effect of
the chanmel on f; is negligible when the draim s
grounded. The predicied and calculated values of the
gate current in the reverse mode are presented in
Fig. 4. The agreement between the two curves is
quite good since no parameter fitling procedure was
attempted.

As the applied bias is increased to positive values,
the depletion region shrinks leaving 2 bulk electron
concentration equal to its ohmic contact yalus,
Therefore the conduction is drift dominated and
should be ohmic since the electron concentration is
constant. The clectron current density equation pre-
dicts in that casc that the slope of the /-F curve is
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Using the vilues given in Table 1, the predicted
slope 15 4.3 % 107 * mho while the one abtained from
he simulation is. 6.3 = 107*mho. The slight
difference between these yulues is attributed to the
bulk electron concentration which is not rigorously
pguil Lo its contact value,

3.2, Analvsis of the 1V characteristics

11 is generally admitted{12-14] that the erystalline
SIT is 0 drill dominated wnipolar majority carmier
deviee when My, < (0. This statement 1% ulso correct for
the amorphous SIT and is supported by the following
facts: 1. In undoped u-SitH, the Fermi level lies
ghove midgap, leading to an equilibrium electron
concentration three orders of magnitude larger than
ilve hole concentration; 2. the clectron mobiity 1s
larger than the hole mobility; 3. the ¢lectron concen-
iration in the effective channel 15 almost constant
and the drift eomponent of the total channel current
is more important than the diffusion one, With all
these facts, we conclude that the channel current is
essentially a drift electron current and should be
proportional to the channel electron conceniration.

The geometry of the amorphous SIT is slightly
different from the one used with crystalline materials,
in that the gate is totally embedded in the bulk of the
device (1o that respect, our geometry is more closely
related to the PBT[3]). The interpretation of the - ¥
characteristics is simplified if’ one realises that the
drain current is given by two contributions: (i) &
channel current from drain to source, the magnitude
of which is mediated via the effect of the gate on the
channel clectron concentration, and (i) 2 leakage
current {rom gale 1o drain whose diode-like behavior
was studied in Section 3.1, Similar remarks apply at
the source. In the [our following subsections, we
show that it is the relative importance of each of these
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components that gives its four mode struclures Lo the
7—1" characteristics. For the analysis, we have chosen
¥, =4V and ¥, going from —4 to 4V.

3.2 1. Mode I- saturation, The caleulated electron
concentration  distribution  at  Vy=4Y an
¥, = —3Visshownin Fig. 5a). It shows clearly that
the entire bulk of the device is depleted meaning that
both the channel and the leakage currents from gate
10 source and from gate to drain are small. While the
channel current decreases as b, takes more negative
values, the diffusion model of Section 3.1 shows thul
any of the leakage currents increase with it Thus, as
V,, is decreased (goes more negative) below a certain
threshold § s, the behavior of [ and [y is taken over
by the leakage currents.

1.2.2 Mode I1: channel opening. As the gate voltage
is increased (less negative) above Vg, the electron
concentrittion in the channel builds up as is shown in
Fig 5(b), giving rise to the increase in Jy, und f Mole
that the leakage currents have no effect whatsoever
on I and J; since their values are small and almost
independent of ¥,

The behavior of the current us the channel opens
up cin be secounted for by a 1-0 maodel similar
the one proposed by Ueda er al[2] describing the
evolution of the channel current in the a-SitH SIT us
o function of ¥,,. The modifications we bring to this
model necount to o cortain extent for the spatial
vanation of the electron quasi-Fermi potential in the
channel by modelling it with a parabolic lunction,
and the spatial variation of the amplification factor
through the use of a linear function of position.
Figure 6 shows that the analytically predicted il
numerically caleulated channel current are in good
agreement since the values predicted were obtained
with no best-fit parameter caleulation, Pushing the
model further. the operation of the device in the
channel opening mode is described in the following:
first, there is an exponential build-up of the eleciron
concentration at the center of the channel. This
build-up is effective until » reaches the concentration
a1 the ohmic contacts which corresponds to its maxi-
mum permitted value. Once this condition is fulfilled,
the rest of the channel sarts getting filled wntil
the local concentration reaches the same value
and this leads 1 the slower imcreases of T as Fy
approaches OV,

A similar behavior was observed in the crystalline
SIT[12. 13] where the exponential regime was attrib-
uted to & linear lowering of the barrier height by the
gate voltage. The departure from the exponential
inerezse in the high current range was attributed to
a space-charge compensation by the channel clectron,
leading 1o a self-adjusted value of the barrier
height|13]. An identical behavior of the barrier height
takes place in the amorphous SIT, however the
physical mechanisms responsible for its variation are
of a completely different nature. In amorphous semi-
conductors, the space-charge is equal to the trapped
charge. which in turn is coupled in a complex fashion
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the ehunnel carrent in the channel opening mode. Both
curves arc ablained with 1, =4V,

1o 1 and p via the occupation function (18). The
apparent complexity of this relation hides two im-
portant facts, first that at low a and p the trapped
charpe i constant, and second that any mcrcase in »
diminishes substantiglly the trapped charge. Con-
sequently, the space-charge behaves as in the crys-
wlline case but the chuse af its variation is linked to
ihe non-linearity of the relation between nr and the
teapped charge, The slower increase of 1he current as
V. upproaches 0V should not be confused with the
space-charge-limited operation that takes place in the
crystalline SIT, since the space-charge is always large
and never compensated by the electronic charge.

123 Maode HE ohimic vegime. While the leakage
currents can be neglected in the channel opening
mode, the leakage from gate lo source becomes
important in the ohmic regime mode because V,, by
changing from negalive to posiive becomes for-
wird bins acting on the Schottky diode between gate
and source. Figure 5{c) shows that the electron
concentiation is more important in the gate to spurce
region than eclsewhere and this explains why the
associated leakage current dominates the source
current. As discussed in Section 3.1, the observed
characteristic is linear because of the chmic losses.

3.2.4. Mode I'V: drain current fnversion. As the gate
voltage takes on values larger than the drain voliage,
the polarily between the gate and drain changes sign
and the associated large leakage current overwhelms
the channe! current at the drain. Because the two
conitribulions are opposite in direction, & reversal in
the direction of I, is expected and is in fact observed.
However. because the graphics arc on 2 logarithmic
scale, only positive values of I are plotied.

4, INFLUENCE OX DESIGN PARAMETERS

We showed in Section 3 that the /- ¥ charactenstics
of the a-Si:H SIT show four modes of operation.
Since (he scope of this paper is focused on the
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Fig. 7. Effect of varying the electron concentration il Lhe
ohmic contacts. These results are oblained with ¥, =4V

understanding of the switching properties of the
device, we need concern ourselves only with the first
1wo modes. This is because the leakage currents in the
last two modes are no longer a perturbation acting on
the system but constitute in fact the most important
contributions to Iy and fy

The switching parameters we consider here are the
aff-<current 1. the on-current [ and the turn-ofl
voltage V... We define [z us the drain current when
ihe channel is just depleted, [, as the drain current
al V,, =0V and Vg as the absolute value of the gate
voltage in correspondence with Ly Note that these
parameters depend on V,: we will consider them for
K, =4V,

The main parameter that conteols Ly is the electron
concentration at the Schottky contact since a takes
on this value everywhere when the channel is de-
pleted, On the other hand, when the channel is
populated with carriers, the electron concentration at
the chmic contacts n, is the one which determines the
electron concentration anywhere in the channel,
therefore £.. The density of deep levels gy, and the
channel width L arc the most importanl parameters
in the determination of V. Asu firststep toward an
improvernent of the switching parameters of the
device, let us consider the effect #,, f and gg have on
them.

The I—V,, characteristics at by, =4V for various
values of n,, L and gy are shown in Figs -4
respectively. Figure 7 shows that an increase in n,
increascs [, but leaves L. and Vg unchanged. These
results are readily understood on the basis of the
arguments given above. Figure % shows that an
increase in L increases Vg and has almost no effect
on the two other quantities. The last two points are
also in agreement with the arguments discussed pre-
vipusly. The first feature is ¢xplained as follows. The
depleted width is a function of both ¥, and gp. 1f one
considers the device in the saturation regime and
increases L while keeping all other parameéters con-
stant, the center of the channel i$ no more depleted
and the device undergoes a transition from saturation
to the channel opening regime. The complete de-
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pletion of the channel in that case ocours ul i lower
gite voltage implying that an increase in V, resulis
from an increase in L. Figure % shows that an increase
in g hag o dmilar effect an V., the reason, this ime,
being o deerease of the depletion width as gg n-
ereases, This also causes u trunsition from saluration
o the channel opening regime.

These results and the analvsis of the device oper-
ation give three important guidelines for the optimal
design of the a-8i H SIT. First, £, s controlled in an
almost lincar way by n,: second, gy 13 controlled by
Uy B0 thus by oy o finally, ¥y increases with the
channe! width and with density of deep levels. This
last point s of paramount importance in the design
of LCD displays for il demonstrates that the umni-
formity of ¥y is a very sensitive function of the
uniformity of the density of deep levels as one goes
from one device (o another 1n the tramsistor matny,

The practical implementation of an increase in oo,
is uchieved by the incorporation of a » thin layer ai
the ohmic contacts, The efficiency of the way the
dopant makes n, increase can be calculated by solving
the space charge neutraliny eqn (7} Figure 10 shows
that », is equal 1o the equilibrium a-Si:H rée electron
concentration when N, < 10¥cm~® and that », is
a linear function of N, when N, = 10"cm~"
The low concentration resull is a consequence of the

Oroin currant (4]

. .'- 3 n : i 5
Gate wollage (Volt)
Fig: % Effect. of varving the deep level density of states.
These results are obtained with V, =4V,
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Dopant concenteation {em.3)

Fig 10, The electron concentration al the ohmic contacts s
a funetion of the dopunt concentrition

pinning of the Fermi level £ by the deep levels
density of states, which is operating untill M,
becomes greater than the number of states per unit
volume at E; in which case the high dopunt relation
mo= N, becomes valid. This significant result
mcand that the actual onset of the increise in [, by
e dopant oceurs when N, = 10" em~",

5 CONCLUSION

The transfer characteristics of the a-8i:H SIT
obtained by o spatal finite difference static simu-
lation method in 2-D show clearly four distinet
modes of operation. As F, increases, the device goes
through a saturation regime where I, und f; are both
controlled by the leakage currents originating from
the gate, an opening of the channel regime where the
leakage currents have no substantial effect, an ohmic
regime where /15 dominated by the leakage currents
and a drain current inversion regime where [y is
dominated at its turn by the leakage current. The
results obtained by the fully numerical 2-D simu-
lation sre reobtained with a simple physical |-D
approach with no adjustable parameters.

The factors having the most significant effect on
Iu. Lgand Vo have been identified respectively as the
electron  concentration at the ohmic contacts,
the electron concentration at the Schottky contact
and both the channel width and the deep level density
of states. We believe that a successful design for
the febrication of a a-5i:H SIT has to build some of
its rules on the resulis we obtained with the 2-D
simulation and the simple 1-D analysis.
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APPENDIX A

Awalveival Maded for o 1-13 a-56H Sehotky Bivde

Uisang the liminmg cases of the SRH oceupation function
i he depleted ond neuteal regions7] of o D a-SitH
Schattky diode, Poisson's equation reads:

s _"‘-’ng:.au;‘. -E*) 0&xsx,

i ":-';,-[.E,:;ﬂrq.x] nExsd (Al)

where (£} I8 the density of stales 4t the Ferma level,
o= = E— (AT 200glo, S0, ), ®y is the position  where
E* w £, ind where the Sehottky conteet is at v =0 and the
almic contact ot x =d (see Fig. 11). The selution 10 this

cualion s
- L Er— EP
Ill.r[.'q.—ﬂr-r.d:—-( ll,T_

]

;
i) = x5 UsxEn

B:nsh(%)i-f;inh(?) paesd (A2)

where 4 = /¢ fi’w(E ). The boundary conditions appropri-
wie o the finite length diede are| 7
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Fig. 11. Energy band diagram for the 1-D Schottky diode,
The clectrostatic potential is defined relative 1o £ at the
ohmic contact.

' ‘E, - E
Yix = 0) = l',—i:r.*( = ')
Pix =d) =0

& - E_')
g

pix = x;) = -—(

d iy
-?{:---.;+-'-}-::.':-x..—-'-:ri--!l (1A%
X

dx

where the wo firs conditions are self-explanitory, the third
e can be understood by looking at Fig. 11 and the fourth
is a continuity condition on the eleotric field. These condi-
fions lead 1o the following equations:

'I.uhh( L= r,] I+q_|y[1. _-ﬂ'|+l_ X )
LoJL  E-ER 2V

| +['ﬂ-u (A9)

# ’
(E—E}) sech (x/4) :
Y= el S - AS
¢ 4 tanh (d:4)— tanh (xg/0) S
B=—t‘.‘mnh(‘-.!) 1A
A

()] 0] o

Equation (A#) is a nonlinear equation in x; whaose
solution for a given value of V', enables one 10 caleulate €,
B and A and thus 1o ohtzin the electrostatic potential
distribution between the gate and the source. An identical
reasoning can be applied between the gate and the drain
with the obvious substitution of ¥, by ¥, — Vg, in eqn (A3
These equations are applied in conjunction with the
diffusion model, eqn (22, to calculate the diode currents
shown i Fig. 4.




