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Competition between deep impurity and dopant behavior
of Mg in GaN Schottky diodes
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The effect of the deep acceptor Mg on the electrical characteristigsloped GaN Schottky diodes

is analyzed. The theoretical study is based on the numerical resolution of the basic semiconductor
equations, including the continuity equation for the Mg-related acceptor level. It gives the
steady-state and small-signal analysigpafoped GaN:Mg Schottky diodes, yielding as final result

the frequency dependent capacitance and conductance of the structure. It is shown that the
low-frequency characteristics are determined by the carrier exchange between the Mg related
impurity level and the valence band, whereas above the impurity transition frequency, the hole
modulation of the depletion layer edge governs the electrical response. Detailed results are shown
on the effect of temperature, applied steady-state voltage and series resistance. The study of two
back-to-back connected GaN Schottky diodes reveals the appearance of typical features in the
electrical characteristics, depending on the respective Schottky barrier height of the two junctions.
© 2001 American Institute of Physic§DOI: 10.1063/1.1339208

I. INTRODUCTION case of Mg doping. This influences the contribution of the

. . . - modulation of the depletion layer edge to the total junction
The wide-gap semiconductor gallium nitride has re P y g :

ceived much attention during the past decade. It is considgaps\(;gance' qi unci : tal/G
ered as a basic material for visible and UV light emitters and en .use N ap—n junction or in a metal/Galy
UV visible blind detectord=* GaN-based bipolar junction Schottky diode, the Mg-related acceptor level may cross the

transistors and heterojunction field effect transistors are arflole quasi-Fermi level. The modulation of the applied volt-

other potential application fief age modifies the occupation of the Mg-related energy level
The need for botm-type andp-type dopants for the and gives rise to typical features in the electrical character-

realization of practical structures has led to active research tistics. This behavior is similar to that of deep impuritiést2

find the most efficient atomic impurities. For wide-gap semi-but with the difference that the crossing point here separates

conductors like SiC and GaN, Si is used as shaltodopant.  regions where the concentration of the occupied levels is

However, shallowp dopants do not exist. Rapid progress regpectivelyN, and n,, i.e., the impurity levels are totally

was obtained whemp-type conduction by Mg doping with jonized and partially ionized. In the classical deep impurity

appropriate posttreatment was achieved. Magnesium is CORse however. these concentrations are respectNiebnd
sidered as a deep dopant with activation energies given inthe. "’ ' ’ '

literature in the range of 120—250 meV, the most frequently As th | f. is st It t q dent
cited values being around 150—-170 m&V.We label the s the value oln, 1S strongly temperature dependent,

total Mg concentratiomN, andn, is the concentration of oc- important effects in the study of electrical characteristics as a
cupied Mg levels. function of temperature can be expected. We will effectively
With these values of the acceptor ionization energy, MgShOW that this is the case and that moreover, in the resulting
acts simultaneously as a dopant and as a deep impurity. Shaesponse to an applied voltage modulation, there is a compe-
low dopants are considered as fully ionized, at least for altition between the contribution of the modulated defect state
temperatures of practical interest. The Mg acceptor level ipopulation and the hole concentration at the depletion layer
only partially ionized for these temperature ranges. At theredge. For low frequencies, in the classical deep impurity
mal equilibrium, its occupation is fixed by the relative posi- context, both act simultaneously and independently. In the
tion of the defect level with respect to the Fermi energy. Thisyeen dopant case however we will show that, at low frequen-
in turn results from the charge neutrality condition, which cies, the holes provided by the modulating source contribute

contains the ionized acgeptor chage as one of its terms. dnainly to the modulation of the occupation of the Mg-related
Mg acts as dopant, providing free holes for the valence band, : . )
energy level and only in a minor way to the modulation of

but less than the total Mg concentration. In a junction, at the ) <
depletion layer edge, the hole concentration varies from zerf'¢ depletion layer edge. Above the defect transition fre-
to a maximum value, which is the total acceptor concentraduéncy however, the hole response increases, remaining the

tion in the case of shallow dopants but which is less in theonly contribution to the junction capacitance.
Experimental studies of the electrical characteristics of

Mg-doped GaN Schottky diodes have been reported in Refs.
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13 and 14. Depletion region effects in GgiNn junctions [
have been discussed by Kozodetyal *® 1017k
The aim of this article is to present a theoretical study of

the role of Mg in the electrical characteristics of GaN
Schottky diodes, performing the detailed steady-state ang™10
small-signal analysis of a Schottky diode containing Mg- 'g
related deep acceptor levels. It starts from the numerice = 45|
resolution of the basic coupled semiconductor equations, i.e £ E
Poisson’s equation and the continuity equations for elec o [
trons, holes and occupied impurity levels. This yields “1014E
position-dependent values of the electrical potential, the er
ergy band diagrams, the carrier concentrations, the currel

densities and the carrier recombination rates. As a final re 10

sult, one obtains the electrical admittantewhose real part i

is the conductanc&, and the imaginary part yields the total I AT T N T
junction capacitance. This allows us to study in detail the 1080 120 160 200 240 280 3200
influence of each microscopic parameter corresponding e T (K)

ther to the material, the impurity, the junction, or the experi-

mental conditions on the resulting macroscopic electricaF!G- 1. GaN bulk Fermi level position in thermal equilibrium relative to the
quantities valence band edge, fd&—E,=0.16 eV,N;=4x10"® cm 3, andN,=2

L . . X 10'® cm™3. Steady-state bulk hole concentratipy and occupied Mg-
In the applications, we will determine the effect of the occupatiomy,, as function of temperature.

temperaturd, the applied steady-state voltage and the series
resistance. Finally, systems consisting of a double Schottky

diode, i.e., two Schottky diodes connected back to back will

be considered. as function of temperatur& of (Er-E,), n;, andp are
given in Fig. 1. In this temperature range, the Fermi level is
pinned at a value between the valence band &jgand the

Il. BASIC EQUATIONS AND NUMERICAL PROCEDURE defect energyg;. The equilibrium hole concentration is at

, . , . .. least equal tdN,, increasing with temperature in a similar
GaN is classified as a wide-gap semiconductor, with a A
gap ton;. At room temperaturéRT, T=293 K), n, reaches

. . . ay

room-temperature gap of 3.4 eV. Mg is giving rise to several" L ) o

impurity states with energies inside the gap. There is com? \{alu_e of 1.6¢10'" cm ™, which corresponds to about 4%
f ionized acceptors.

mon agreement that there is one acceptor state whose ener L

positio% E is at 150-170 meV abO\E)e the valence band y The transition rates for electrons between the ldvgel
edge’® Ir§ the numerical applications, we will takg, and the valenceéﬁband are given according to the
=160 meV for the activation energy. The total Mg concen-ShOCkley_Read_H scheme by

tration will be labeledN,, with notations similar to those Mot E0) = Cppn—ep(N;—ny), (4)
used for deep impuritie¥. Other eventually present shallow ) )
donor or acceptor concentrations are labeig and N wherec, is the capture rate for holes, expressed in terms of
respectively. The concentration of occupied defect levels fofhe hole thermal velocity, and the hole thermal capture
thermal equilibrium at temperatufis given by’ cross sectiorry, by

N, Cp=0{h0p- (5)

M ¥ gexd (E—Ep)/kT]’ @

whereg is the degeneracy factdk,the Boltzmann constant,

The thermal emission ratg, is given by

andEg is the Fermi energyg is assumed to equal 4, a value ep:&Nv exf (E,— E)/kT]. (6)

characteristic of acceptor levei§The hole concentratiop g

is given by Similar expressions hold for the electron to conduction
p=N, exf (E,— Eg)/KT], 2) band transition rates,;. Carrier exchanges with the conduc-

tion band in this case plays only a minor role, as the defect

whereN, is the eﬁegtive valence band density'of' states. Theenergy position is close to the valence band edge. The elec-
electron concentratiom can be expressed similarly. The trical potential'¥ and the carrier concentratioms p and

equilibrium Fermi energ¥e is obtained by solving numeri- 1,6 1 satisfy the basic semiconductor equations, namely
cally the charge neutrality condition which writes for accep-pyisson’s equation and the continuity equations for elec-

tor levels trons, holes, and occupied defect levéts®
—n+Np—Nap—n=0. 3
P No=Na~ B VEVH=—ap-ntNo-Na-y), (72
The shallow dopants are supposed completely ionized. With
a hole effective masm,=0.8m({, N;=4x10® cm~3, Np on _ EV-J . (7b)
=0, andN,=2x10'® cm™3, the thermal equilibrium values gt g nonv
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ap 1
E:—aV'Jp—rpt, (7C)
W:rnt_rptv (7d)
whereJ, andJ, are, respectively, the electron and hole cur- %
rent densities -
{=)]
Jo=nu,V Ec+ukTVn, (8a) o
i
Jp= pMpV Ev_ﬂkaV P, (8b)

where u, and u, are the electron and hole mobilitieg,is
the electronic charge.

For the steady-state equations for a given value of tem- [ Vg=0V
peratureT and applied voltag®/,, the left-hand side of re- Bl Lo b s el 04
lations (7) is equal to zero. In the small signal analysis, the -0.01 0 001 002 003 O
applied voltage contains in addition to the steady-state value (x-x) (um)
Vo, a sinusoidally modulated term of frequenty w/27
and of amplitudef/ small with respect tde/q FIG. 2. Metal/GaNp Schottky contact energy diagram for RT and zero-bias
' conditions. Mg acceptor level is at 0.16 eV above the valence band edge.
V=V0+v gl ot (9) Schottky barrier height is 0.7 eV. Left limit of semiconducting region is at
’ X, =—10 um.

In the small-signal analysis, all quantities will have a dc

component which will be given with an index * 0” and a : . .
. . . .~ spect tox. From its value, one obtains the admittan¢e
harmonic component whose amplitude, labeled with a tilde,; <"~

is complex in the general case. For example, the hole con= !V from which the total capacitand@ and conductance

centration writes G can be obtained
Y=G+iwC. (12)

P(X,t)=Po(X) +P(x) &"". (10
o _ ) i Both G andC depend on the frequenéythe steady-state
Explicit expressions for the ac components are given NoltageV,, and the temperaturé
Ref. 20. ’

In the numerical study, the system is considered as ong; NUMERICAL RESULTS
dimensional, withx giving the position. The position of the _ )
left boundary and right boundary of the region occupied by?: Schottky GaN:Mg junction under room temperature,
the semiconducting material are, respectivalyandxx. zero-bias conditions

We place the Schottky contactat x, . In the boundary We start by the study of a rectifying metal/GaN:Mg
conditions, the Schottky barrier height,, is fixed. In ther-  junction for which the chosen set of parameters corresponds
mal equilibrium it is related to the built-in potentish,; and to typical values resulting from experimental
the bulk separation between the Fermi eneigyand the analysis’®?-2*The activation energy of the Mg acceptor
depletion layer edg&, by*’ level is taken af Et—Ev):\?O.lzg eV. The Schottky barrier

_ heightq ey, is taken 0.70 e\*1-2*The hole surface recombi-

Gbo=0aVoi T (Er—E,). @Y hation velocity is taken 0cm/s. The deep and shallow dop-

In addition, a finite surface recombination velocity has toant concentrations are, respectively=4x 108 cm 3, N,
be given to fully characterize the metal-semiconductor=2x 10" cm~3. The total length of the device is chosen as
contact'® At x=xg, ohmic contact conditions are imposed 20 um, such that series resistance effects are of moderate
when a single junction is considered. Some results will bémportance. The hole thermal cross section dg=2
given for back-to-back Schottky contacts, and in that case<10™2° cn?;** and the hole mobility isu,=10 cnf/V s?.
similar boundary conditions are imposed for both contacts. The resulting energy band diagram f6+=293 K and zero

Instead of using the variableg, n, p, andn,, the Eqs. bias is given in Fig. 2. The bulk hole concentrationpig
(7a—(7d) are expressed in terms gf and the quasi-Fermi =1.8x 10 cm™2 and represents a relatively strong effective
energiesF,, F,, andF;, as these are more appropriate, doping, producing a depletion layer edge at 0.ga0, this
giving variations of the same order of magnitude for the fouredge being not totally abrupt. The defect state crosses the
unknowns. The set of Eq§7a)—(7d) is then solved numeri- equilibrium Fermi level at a distance of 0.014n from the
cally, after scaling and discretization according to a variabldeft metal/semiconductor interface.
size mesh. As results one obtains the steady-state and small In Fig. 3, we represent for the same conditions, the
signal values of the electrical potenti#il the concentrations steady-state concentrationg(x) and po(x) as function of
n, p, n¢, the recombination rates,; and r, the current position x, together with the absolute values of the small-
densities),, andJ,, and the displacement curredy , in the  signal amplitudes,(x) andp(x). The latter have been cal-
ac case. The total ac current densitys constant with re- culated for three different frequenci¢lw (LF), medium
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16 L . . . .
510 E stant above the impurity transition frequency, but increases
< 1 above the MF frequency, reaching in the HF regime a value
':';1015 B which is by a factor of 10 larger than the LF value.
€ The same behavior is illustrated in Fig. 4, where one
e [ shows, as function of frequency, the real part of the charges
S10'4E related to the amplitude of the impurity level concentration,
hole concentration, and charge density. These are defined as
13[ 0
10 °F AR _ ~R
- Q5=a [l ax, (133
XL
1012 = T : e 0
AR_ ~R
0 0.01 0.02 0.03 0.04 Qp—qf p~(x) dx, (13b
X
(x-xp) (um) )
0
AR = ~R
FIG. 3. Steady-state impurity concentrating and hole concentratiop,, Qt = QJ (pR_ ny ) dx. (130
XL

as function of positiorx, for RT and zero-bias conditions. Absolute value of

small-signal ac amplitude for three frequencies of the applied ac voftage The upper limit of the integration given here is largel

=10? Hz (LF), f=5%10° Hz (MF), f=10° Hz (HF). PP 9 9 _g. y
above thex values where the integrands are of negligible
value; x=0 represents herexg—X,)/2.

(MF), and higlfHF)], f=10? Hz (LF), 3% 16° Hz (MF), and These curves show that the modulated space charge con-
10° Hz (HF), the notations used becoming clear in the fol-ioution due to the exchange of carriers between the Mg-
lowing. At low frequency, this absolute value is practically related impurity level and the valence band goes to zero at a

cqual to the real pamR . changed by sian. Havina chosen transition frequency of % 10° Hz. At the same time, as the
qu pam, ., g y sign. Having impurity response decreases, the response of the holes at the

the voltage amplitude/ real, ni' is negative. At low fre- depletion layer edge increases, keeping a constant value up
quency,ny(x) presents a peak at a distance of Ouit from  to 10/ Hz. Above this value, the hole response goes to zero
the junction, a position whene(X) is at about 50% of its  with a cutoff frequency corresponding, in electrical terms, to
maximum valuep(x) presents its maximum value at 0.017 the RC cutoff frequency of &RC series circuit, wher€ is the

um from the left boundary. These responses remain approxdepletion-layer capacitance aiithe series resistance. The
mately constant up to$ 107 Hz, i.e., as long as the impurity modulation of the total charg®R is the resulting sum of
states are able to completely follow the variations of thephoth contributions, where the LF contribution is due essen-
applied voltage. With increasing modulation frequency, thetially to the response of the impurity level and the HF con-
amplituden,(x) decreases as expected, reaching at the Hfibution is due essentially to the holes modulating the deple-
frequency a value reduced by about a factor wth respect  tion layer edge. The LF contribution of the holes exists in
to the low frequency value. The variation B(X) with fre-  this case, because a nonzero value of the shallow acceptor

qguency is however different. It does not simply remain con-concentratiorN, has been assumed. Without this tef@ﬁ
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FIG. 5. Capacitance per unit secti@hand conductance per unit sectiGn FIG. 6. Capacitance per unit secti@hand conductance per unit sectién
over o, as function of frequency for RT conditions, for metal /GaN:Mg  over w, of Schottky junction with parameters of Fig. &urve A), length
junction with applied steady-state voltagés= + 0.05, 0,—0.4, and—0.08 multiplied by factor 50(curve B, length multiplied by factor 50, and mo-
V. Length of the structure isxg—x_)=20 um. Hole mobility is =10 bility divided by factor 200(curve Q.

c?/V's.

straight line. However, care should be taken before directly
applying textbook relations in order to determine dopant
] o~ concentrations or built-in voltages.

would have been zero in the LF case. DividiQg§ by the
amplitude of the ac voltage yield$ yields nothing but the
capacitance of the whole structure.

This behavior is obviously different from that @n The series resistance in a structure depends on the dis-
junctions or Schottky diodes containing shallow, fully ion- tance separating the ohmic contact from the depletion layer
ized dopants and deep impurities, with concentrations of thedge, in our case this is essentialk( £xg). It also depends
shallow dopants larger than those of the impuritfe$?Here  on the geometry of the structure, which in many cases has
the hole(or electron response resulting from the modulation not a linear configuration. Gallium nitride is often grown on
of the depletion layer edge remains constant over the entirg sapphire substrate, on which it is impossible to realize con-
frequency range, yielding a constanalled HP capacitance tacts of either ohmic or Schottky type. The contacts are
term. The contribution of the impurity level exchanging car-therefore evaporated on top of the GaN layer.
riers with the valencdor conduction band gives an addi- We have considered different cases, simulating these ef-
tional contribution from zero frequency up to the transitionfects. In Fig. 6, curve(A) corresponds to the previously
frequency where the impurity levels no longer respond to thdreated case, with=(x_ —Xg) =20 um andu,= 10 cnt/Vs.
applied voltage. Here, the Mg level acts simultaneously a&or curve (B), the length is takeri=1000 um, all other
dopant and deep impurity. Depending on frequency, there iparameters remaining constant. This causes a shift diR@e
a competition between the two functions. In the LF rangecutoff frequency by a factor 50, the rest of tG€f) curve is
the holes provided by the modulating voltage source essemnmodified. For curvgC), the hole mobility of GaN outside
tially modify the charge on the impurity level. When thesethe depletion region has been divided by a factor 200. In a
are no longer able to follow the applied voltage modulation,one-dimensional analysis, cylindrical symmetry along xthe
the holes contribute to the modulation of the depletion laye@xis is implicit. The reduction of the mobility would simulate
charge, but with a stronger amplitude than in the LF regimea three-dimensional structure where the conduction channel
has a cross section much smaller than the metallic contacts.
This is, for example, the case in a planar structure where

In Fig. 5, we show as a function of frequency and for contacts of about 1 mfrsection are realized on a GaN layer
different values of the steady-state voltagg the resulting whose thickness is in the micrometer range. In this case, as
variations of the capacitanézand ofG/w. The curve ofG/w  seen on curvéC), the RC cutoff frequency has moved below
presents a peak at the cutoff frequencies of the capacitancie impurity transition frequency. The new cutoff frequency
or at least a shoulder when the conducta@cis too large.  of 2% 10° Hz corresponds to thRC cutoff frequency, where
As the reverse voltage increases, the capacitance decreasess still the series resistané®, andC is now the LF capaci-
both in the LF and the HF regimes. The plot of the inversetance, due essentially to the response of the impurity level.
square values ofC ¢ and Cyr as function ofV, yields, The electrical character governs the response of the system,
within the particular values if the parameters we have used, arespective of the microscopic origin of the capacitance. It

C. Effect of series resistance

B. Effect of applied steady-state voltage  V,
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0.8 10.3 shallow dopants, with a concentration larger than the deep
1 impurity concentration and both entities being of a distinct
0.7 1 nature.
7025
0.6 ] -
P o IV. BACK-TO-BACK CONNECTED SCHOTTKY
“Eos 102 § DIODES
oY E
@E "-’o In experimental situations, one may meet configurations
‘004 0157 where the electrical measurements are performed on samples
50 5 with two identical contacts, which both are of Schottky type.
' 04 g In that case, it is necessary to describe both contacts as
0.2 Schottky junctions. In the numerical treatment used here, this
presents no major difficulty, as it needs only to set the ap-
0.1 {0.05 propriate boundary conditions on the second contact.
] In the case of a symmetric double Schottky diode, with
homogeneous doping and impurity concentrations and with
10 106 the same value of the Schottky barrier heigltt,=0.70 eV

at the left and right contact, the resulting amplitudes of the
carrier concentrations are antisymmetric with respect to the

FIG. 7. Capacitance per unit section aBfl» per unit section as function of center of the structur&=0. This is illustrated in Fig. 8

frequencyf for Schottky metal/GaN:Mg junction at different temperatures ~
T—203, 250, 210, 170, and 130 K. where we show the real part of, for x values close to both

semiconductor/metal interfaces. The resulting capacitance—
frequency curves for th&/ ;=0 case have the same shape
than those shown in Fig. 3, except that all values are divided
should be mentioned that the low frequency value of theyy g factor of about 2, as in that case the voltage is applied to
capacitance remains unmodified by the change in series rg- system which consists essentially of two identical diodes
sistance, as this latter produces no modifications in the '&laced in series.
gion where the occupation of the impurity level changes. In order to study the effect of the asymmetry of the
contacts, we have treated two other cases, where the
Schottky barrier height has been kept equaj ¢#y,=0.70 eV
D. Effect of temperature at the left contact, but set equal to respectively 0.50 and 0.90

Modifving the temperature is expected to produce ef_eV on the right contact. This leads to completely different
fying P o pecte P . ac-impurity occupation functions in the two sides of the
fects at several levels. It modifies the position of the equilib-

rium Fermi levelEr relative to the valence band edge. The structure.hAs _s:ownhm F'g' 8étft11e all(mptl)ltUQenﬁ IIS stron- "
value of the energy gap and of the impurity activation energyZ€St On the side where the Schottky barrier Is largest. The
are assumed to remain constant with Temperature also weakest barrier seems to have a behavior similar to that of an
affects the occupation of the Mg level and the hole equilib_ohmlc contact. This feature is illustrated in Fig. 9, where we

rium concentration in the valence band, as well as the thels-r?ow flor thefce;]se_wher@qﬁbdz 0'9|0 ev at tfhehnght c-ontact, i
mal transition rates,. In Fig. 7, we show th€—f andG/w the values of the integrated real parts of the carrier ampli-

curves for temperatureB=293, 250, 210, 170, and 130 K. tudes. The integrations are performedxoralues close to the

The low frequency capacitance remains nearly constant wit gspective contacts. The rgsuliting functions are drastically
temperature, whereas the HF capacitance decreasesl with :cffehrent frgrrll th(zjse shownhm F'g'h4' The low frequen%y part

This latter effect is clearly a consequence of the reduction offt fe mo hu a;eh space ¢ srglge f(; now (;WO cc;ntrl ur']uons,
the hole concentration in the valence band. The transitiof"€ from the right contact, below 11z, and one from the

frequencyf, between the LF and the HF values decreaseéeft contact, centered at¥610? Hz. The HF contribution of

with temperature. Assuming this frequency equal to the ther’Ehe holes is of equal importance on both sides of the struc-

mal emission rate,, divided by 27, would give a tempera- ture. Taking the resulting total charge amplitu@$divided
ture dependence of the type by V here does not give the capacitances of the isolated
junctions, as can be seen by comparing the result for the left
oo T2 exp( — AE*/KT), (14 Jcontact with that shown in Iglig. 4.p ’
where AE* should be in principle equal toE(—E,), the The resultingC—f andG/w curves for the three cases are
impurity ionization energy. A plot of the numerically ob- shown in Fig. 10. The cutoff at £Hz remains unmodified
tained transition frequencies as function okTAields, in by the height of the barriers. The low frequency capacitance
our particular case, a value AE*=0.115 eV, which is less is larger for the two asymmetric structures, compared to the
than the used value off(—E,)=0.160 eV. By writingf, symmetrical one. the marked feature introduced by the asym-
=ey/2m, several terms are neglected already in the classicahetry is to produce a new peak in t#w curves, to which
case? In addition, the original relation has been establishechew steps in the€€—f characteristics correspond. In the case
in a context which is not fully realized in the case treatedwhere the right barrier has been reducedrve b, the peak
here. It effectively assumes a concentration of fully ionizedin G/w appears at % 10° Hz, i.e., beyond the former transi-
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FIG. 8. ac response &:100 Hz of real part of occupied impurity concentration for back-to back connected Schottky diodes. For left contact, minus real part
is shown. Schottky barrier height for left contact is 0.70 eV. Barrier heights for right contacts are, respectively, 0.70, 0.50, and 0.90 eV.

tion frequency. It is due to an enhanced hole response in thauivalent total capacitance and conductance, which are not
frequency range. In the case of on enhanced barrier heiglpresent in a symmetrical structure.
(curve 9, the new peak is at £OHz, due this time to a
modified impurity level response.

These features can be retrieved in the study of an equiva}{' CONCLUSIONS
lent lumped electrical circuit composed of two differd€ We have investigated the role of the deep dopant mag-
circuits in parallel, placed in series with a resistariRe nesium in the electrical characteristics of GaN Schottky di-
EachRC circuit represents a junction. Taking different val- odes. From our theoretical analysis it can be concluded that
ues of the resistancé® andR, and the capacitancé€s, and Mg acts neither as a simple deep impurity, nor as a classical
C, produces the appearance of cutoff frequencies in thshallow dopant. Mg has both behaviors, but not in a simple

10 (b)

»

Charge (10'90b/cm2)
~
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FIG. 9. Integrated absolute value of the real part amplitude of the ac resp0|t1|sﬁléeI pf T) q(ﬁt—f)) of back-to-back connected Schottky diode, for left
contact and for right contact, in case of left Schottky barrier height of 0.70 eV and of right Schottky barrier height of 0.90 eV.
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