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Abstract.

Thin Film Transistors based on amorphous Indiumi@atZinc-Oxide (a-IGZO

TFT) are receiving a great deal of attention f@itthumerous applications as
alternatives for amorphous and poly-crystallinécBil based TFTs. A major concern
about a-1GZ0O TFTs is that they suffer from instiie when subjected to different
types of stress (bias, light, etc...). Stress iseveld to create defects of different kinds
in different regions of the device. The instabilityanifests as a shift in the threshold
voltage or a hump in the transfer characteristidh@transistor. In addition, there is
still a great deal of confusion about the relatetween defects and the instability
induced by stress. The main purpose of this stsidly elucidate the relation between
the threshold voltage shift (instability) and thefatts created by stress. For this
purpose a detailed numerical simulation was cawigdo investigate the relation
between the different types of defects createdi@gs and the induced instability in

a-1GZO TFT. It was found that tail, deep and irded states cause a shift in threshold



voltage. Negative and positive shifts are obserivéte defects are donor-like and
acceptor-like defects, respectively. On the ottzrdy a hump in the transfer

characteristics is induced if discrete interfacels are dominant.

Keywords: IGZO; TFT; bias stress; optical stregfedts; SILVACO simulation.

1 Introduction

Thin film transistors (TFTs) are used in numerolesteonics applications such as
active matrix organic light emitting diodes (AMOLEactive matrix liquid crystal
display (AMLCD) [1,2], and fast circuits [3]. Althmh several materials such as
amorphous silicon (a-Si), polycrystalline silicgpe{Si) and organic semiconductors
(OS) can be used as active layers for TFTs, thesdoben growing interest in
amorphous oxide semiconductors (AOS) based onaine (ZnO) such as indium-
gallium-zinc oxide (IGZO) [4]. a-Si and OS TFTs kaw low field-effect mobility
while pc-Si TFTs suffer from non-uniformity overdg areas [5]. IGZO TFTs have
several advantages which include visible light$parency [6], large-area uniform
deposition at low temperature [7], good controligpdf carrier concentration [5] and
high carrier mobility [8]. However, the thresholdltage of a-IGZO TFTs, like in
other TFTs, can be severely degraded by diffesgred of stress such as negative or
positive bias, temperature, exposure to light @newmechanical strain [9,10]. This
phenomenon is referred to as threshold voltagaligy. It is believed that stress
induced instability is due to defects created ffedent regions of the device. Lopes et
al [11] reported that the origin of the threshotdtage instability is due to the change
trapping at residual-water-related trap sites follg a gate voltage stress. Liu et al
[12] related the shift in the electrical charades after a negative gate bias (NGBS)

prolonged stress to the degradation of the cobiteteen source/drain and a-IGZO



active layer. The distribution of states in theawcetion band can also be affected by a
prolonged bias stress [13]. Light stress also ierdubreshold shift [14] which is
related to the capture of photo-induced hole certiy donor-like interface traps. Dao
et al [15] related the threshold instability torgar trapping rather than defect creation
after the device was subjected to a prolongedlgagestress. A hump may also
appear in the electrical characteristics of a-IGJ's subjected to a large positive
gate bias stress [16]. Deep states above the \&alwrd, created by constant current
stress and negative bias stress at the surfacéGx@ under illumination, may also
be responsible for the instability [17]. The de@i@@h mechanism of a-IGZO TFTs
under positive gate bias and negative gate bidsilkitination are attributed to
electron and hole trapping, respectively, at tisalaor-channel interface [18]. The
exposure of an a-1IGZO TFT to ultraviolet radiatinduces a negative shift in its
electrical characteristics despite that no biassstrs applied [19]. This shift is
explained by the ionization of neutral oxygen vagas in the active layer. It was also
observed that negative bias enhances the shifeybsitive bias reduces it. Jeon et al
[20] found that illuminated a-1IGZO TFTs showed $&atharacteristics under positive
gate bias stress but a huge shift in the threslaltdge under negative gate bias
stress. In this case it is believed that hole tiregppn the gate dielectric layer is the
major cause of this degradation. In order to elateidhe difference between bias and
illumination stress, Vemuri et al [21] showed tkatessive positive gate bias stress
creates charge trap states while light with wavgles below 532 nm create ionised
vacancies. Although there were several attemptsdoce instability following
different types of stress such as temperature éingeaddition of a buffer layer, and

chemical treatment, the phenomenon still persists.



It is therefore evident that there are a lot ofctarified issues related to the effect of
different means of stress on the electrical charastics of a-1IGZO TFTs. In
particular what kind of stress (optical, gate bdrain bias, temperature, etc.) creates

which of defects (interface, bulk, discrete levetmntinuous DOS, etc).

This work is an attempt to investigate a specifie ©f this issue. In particular it will
be assumed that a stress, whatever its naturdlisy®@ate either an interface defect
between the active channel (a-IGZO thin film) ane dielectric material, a bulk
defect in the active channel (as a Gaussian aacepiocrease the initial Gaussian
donor) or a bulk defect in the dielectric. The sf@n characteristics of the a-IGZO
TFT under these different assumptions are numéyicalculated using the

SILVACO TCAD software [22]. Numerical simulation $ithe unique feature that the
effect of different parameters can be studied ieddpntly or simultaneously. This,

obviously, cannot be achieved by experimental vasr&nalytical modelling.

2. The a-IGZO TFT structure

A two dimensional cross section along the chanhtiea-1GZO TFT structure used
in this work is shown in figure 1 which is a stagggebottom-gate similar to that of
reference [23]. The channel is 20 nm thick a-IGE®, substrate is a heavily doped n-
type poly-silicon which also acts as a gate, the gesulator is a 100 nm thick SiO
layer, the drain and source Ohmic contacts are Sommlow resistance titanium (Ti).

The separation between the source and drain isr80 p

The channel is made of a-IGZO which is an amorpmetype semiconductor. Its

structural properties are adapted from those ofrahuus hydrogenated silicon (a-



Si:H) [24]. Disordered materials (like a-Si and@ZIO) contain a large number of
defect states continuously distributed within tlaed gap of the material. The density
of states is a combination of exponentially decgyand tail states and Gaussian

distributions of mid-gap states.

The conduction band-tail (CB) states (acceptor4iteaesg’; (E)) are givin by

exponential function decay:
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Whereg,,(cm~3eV 1) is the effective density &, andE, is the characteristic

slope energy of the conduction band-tail states.

The valence band-tail (VB) states (donor-like stgth(E)) are also given by a

similar expression:
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Whereg,,(cm™3eV 1) is the effective density &, andE, is the characteristic

slope energy of the valence band-tail states.

In addition to tail states, Gaussian-distributedatelike and acceptor-like defect

statesg?2 (E) andgZ(E), respectively, in the energy gap are also consitier
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Whereg,q (g44). are the total densitem™3eV 1), g, (0,) the standard deviation

andEj, (E,) the peak energy of the Gaussian distribution. Sdiematic DOS in

amorphous semiconductors is shown in Figure 2.

For a-IGZO, the conduction band minimum (CBM) isimhamade of the empty s
orbitals of the metal cation and the valence baagimum (VBM) is of fully

occupied O-2p orbitals [25]. CBMs of oxides are mafispherically spread s orbitals
of metal cations, and their overlaps with neighbgnnetal s orbitals are not altered
largely by disordered amorphous structures. Thesefdectronic levels of CBM are
less sensitive to local strained bonds [26], whiie,O-2p orbital have various
directions in amorphous oxides due to the disoofiéhe amorphous structure. This
accounts for the origin of the p orbital localipatiand the valence band tail states. In
addition, this explains the reason why the VB staltes have a wider distribution

compared to the CB tail states which are very naf&Y].

The energy levels of oxygen vacancies (VO), thathis non-bonding state of the
metal cation, is formed in or near the CBM allowthg vacancies to act as a shallow
donor but not as an effective electron trap. ludthde noted that such donor states
are not stable in many oxides. Even in such célsegyxygen vacancy level is relaxed
to form a fully occupied deep state, which no largaps an electron and is inactive
for electron transport in n-channel TFTs [28, Z9]ese deep states explain why a-
IGZO TFTs do not show an inversion operation beeals high-density occupied
states in the band gap pin the Fermi level wheTHiEs are subjected to a negative
gate bias. They also inhibit to induce mobile hatethe VB [28]. A high-density

subgap states exist also below the CBM. They aetemsron traps, pin the Fermi



level when a positive gate bias is applied, andrimtate the TFT operation [28, 30-

33]

Since the IGZO thin film is an n-type semiconducind the IGZO TFT is operated in
the accumulation mode, in our simulation the DOM@gleled by the tail states and
the donor-like deep states only, i.e. neglectiregabceptor like deep Gaussian states

[23].

3. Numerical simulation

In order to characterise semiconductor devicesetuntdate the observed effects to
each other, extensive experimental work and/oryéical or qualitative modelling has
to be carried out. Experimental characterisatidime consuming and can be very
expensive, and analytical modelling may have noysiglal meaning. Numerical
simulation can help in both cases: reduce theamudtime needed for
experimentation and is physically based approachttis purpose ATLAS of
SILVACO, a physically- based two and three dimenalalevice simulator is used. It
predicts the electrical behavior of specified semductor structures by using the
well-established Drift-Diffusion Model [34]. Thisadlel is based on the Poisson’s and
continuity equations. The Poisson’s equation whethtes the electronic potential to

the space charge density is given by:

diU(Sle) =—p= _q(p — N+ Negjyp — Pait T Nga — Pgd + Nd) (l)

Wherey is the electrostatic potential,is the local permittivityp is the local space
charge densityy andp are the free carrier's densitidg; is the n-channel doping

concentration ant;q;;, Prait» Ngar Pga (the DOS constituents) are given by:
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Wheref}t(E), f,s (E) are the ionization probabilities of the accepé&irand
Gaussian states, respectively, #idE), f,.(E) are the ionization of the donor states
(tail and Gaussian). At the steady state, thegeaton probabilities are given by the

Shockley-Read-Hall (SRH) model [33-34]:
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Wherev}}, is the electron thermal velocity an, is the hole thermal velocity,; is

the intrinsic carrier concentratios,. andoy,, are the electron capture cross-section
for the acceptor tail and Gaussian state, respytiv,. ando,, are the hole capture
cross-section for the acceptor tail and Gaussetestrespectively, ang,,, a,‘fg, Op

andoy; are the equivalents for donor states.

The continuity equations for both electrons anahpin steady state, are expressed

as.

0= %div]_,; +G,—R, (2.a)
1,.
0= —Edw]p +G,— R, (2.b)

WhereJ, and], are the electron and hole current densitigsandG, are the
generation rates for electrons and holes whicmagtected in this studg,, andr,,
are the total recombination rates for electronstanids in Gaussian and tail states,

andgq is the electron charg®,, andR, are assumed to be the same and given by [35]
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In the drift-diffusion model, the current densite® expressed in terms of the quasi-

Fermi levelsp,, and¢, as:

]—r: = —quanVoy, (3.9)

Jo = —qupVe,  (3.b)

Wherep,, andu, are the electron and hole mobilities, respectivehe quasi-Fermi

levels are linked to the carrier concentrations thedpotential through =

Y—¢n

nlexp( ) andp = n;exp(— ¢”) wheren; is the effective intrinsic

concentration and is the lattice temperature.



The electrical characteristics are calculated Yaithg the specified physical structure
and bias conditions. This is achieved by approxmgahe operation of the device
onto a two dimensional grid, consisting of a numifegrid points called nodes. By
applying the set of differential equation (Poissoand continuity equations) onto this
grid, the transport of carriers through the streetean be simulated. The finite
element grid is used to represent the simulationado. Of interest to the present
work, the current-voltage characteristics are dated under different conditions

(type of defects created by bias and/or light shes

4. Results and discussion

Stress definitely creates new defects or enhanastng ones as reported by
numerous papers and explained in details in tmedaottion section [12, 14-16, 18-
22]. The main issue is that no work has been choug to clarify in which region of
the devices these defects are created. The suddes&tions of these defects are just
hypotheses and can be anywhere in the differerane@f the device: the bulk
insulator, the bulk semiconductor or at the integfaetween them. Furthermore their
spatial distribution may be uniform or have a coemphape. Their energetic
distribution is also another issue. They can berdts levels or have a Gaussian
distribution. In simulating the relation betweeneghold voltage shift in a-1GZO

TFTs bias and/or optical stress, several casesineagfore be considered.

In the present work we have only considered thet mm®mon cases. First, stress can
enhances the fixed charge in the bulk insulatdedigc (SiQ). The second case is
when defects created by stress are at the intebbieteeeen the insulator and the

semiconductor. Finally stress induced defects whrehuniformly distributed in the



bulk of the semiconductor (a-1IGZO). Obviously, seVvether cases may arise and

these are discussed in details later.

Before stress is considered and due to the amosphature of a-IGZO, we have
assumed that the DOS in the pre-stressed TFT isledby tail states and a donor-
like Gaussian distribution near CB tail while treeeptor-like Gaussian distribution
near the VB is neglected. This choice is justitigdthe n-type nature of a-1IGZO [23].

The parameters of this model are presented in Table

Before presenting the simulation results for tHéedent cases and in order to explain
the observed effects of the different types of distat is worth to briefly describe the
operation principle of an a-IGZO TFT. In an idedlpe a-IGZO, when a positive
bias is applied to the gate, an accumulation regeceeated and with a positive
drain-source applied voltage, the current flowthm channel. This is the ON regime
of the TFT. The OFF regime is obtained by a negabias of the gate which induces,

in the channel, a region depleted of free electrons

In a stressed a-1IGZO TFT, by bias or other meaiditianal defect states are
induced. If these states are acceptor-like theywhi shift the threshold voltage
(boundary voltage between accumulation regime apietion regime) to the positive
biases. While if the stress induced defects aredbke, they will delay the depletion

regime by shifting the threshold voltage to negatiases.

4.1. The fixed charge in the oxide:

The first considered is when stress creates artianlali fixed charge in the insulator

dielectric (SiQ). We assume that the variable is the densityefited charge which



is practically related to the stress time. Figush8ws the TFT transfer characteristics
(the drain-source current versus the gate volteayehcreasing charge density. The
threshold voltage shifts to more negative valuesrder to explain the shift in the
threshold voltage, the band diagram of the semigatag-insulator interface is plotted
in figure 4. This bias value @f, = 1.15 V' is the threshold voltage of the initial state.
As the density of the fixed charge increases, thga density of the semiconductor
increases indicating a displacement of the Fermal lwards the conduction band.
This requires a more negative voltage to switchtridwesistor OFF. Thus the shift of

the threshold voltage occurs at greater negatilteega

4.2. Interface states:

Several authors have reported that the interfatedss the insulator and the
semiconductor may be affected when the transistsulbjected to a bias; optical or
other types of stress [11, 13]. These defects neayidrrete levels or have a

continuous distribution in the forbidden band gap.

4.2.1. Discrete levels:

The energy of the discrete levels created by stsesssumed to be an acceptor
situated 0.4 eV from the bottom of the conductiand Its density is a variable
parameter which is also in direct relation to ttiess time. Other parameters are
shown in table 2. The effect of increasing the dgrd this discrete level is shown in
figure 5. The curves exhibit a notable decreagerofon current with a hump-like

shape. The results show that discrete traps betaada and semiconductor, SIa-



IGZO, do not cause any shift of the curve but @ff¢kae turn-on current only. The
band diagram will not be presented in this caseesihere is no shift in the threshold

voltage.

4.2.2. Gaussian distribution:

Obviously in this case the defects may behaveddaeptor or donor like for
electrons. Therefore the two cases are considéredparameters of the Gaussian
interface states are given in table 3. Figure 6gmts the transfer characteristics of the
TFT for the case when the defects created by dhedsave like acceptors and donors
(a and b, respectively). The threshold voltagetshif greater positive values for the
acceptor-like traps and to greater negative voltagéhe donor-like defects in order
to explain the shift in the threshold voltage, blaad diagram of the semiconductor-
insulator interface is plotted in figure 7 and & pectively. As the density of the
interface defect increases the n-type density@tt#miconductor decreases,
indicating a shift of the Fermi level away from @@nduction band. In (b) the
semiconductor actually is almost in the intringgime. This requires a more positive
voltage to switch the transistor OFF, thus thetsifithe threshold voltage to greater
positive values. As the density of the interfackedeincreases, the n-type density of
the semiconductor increases causing the Fermi tewvabre closer to the conduction
band. This requires a more negative voltage tocéwvitie transistor OFF, hence the

shift of threshold voltage to greater negative galu

4.3 The midgap density of state (DOS)



This is perhaps the most probable case of all@sgsed by many authors [36]. The
midgap Gaussian states are affected by stressnAgaicases are considered. The
first case is when the existing donor-like statesiacreased by stress. The second
case is when acceptor-like states are newly gestelat stress. It is worth pointing
out that these states are neglected in the unsttd3$sT as reported by most of
previous work [5, 23, 32]. The parameters usedmukating the effect of Gaussian
distributed defects in the gap of the semiconduatothe TFT transfer characteristics
are summarised in table 4. The transfer charatiteyisf the TFT are represented in
figure 9 when stress creates acceptor- and dokei(@d and b, respectively) deep
Gaussian defects in the band gap of the semicooidudie threshold voltage shifts to
larger positive and negative values for the aceeptod donor-like traps,
respectively. The shift in the threshold voltage ba explained by plotting the band
diagram of the semiconductor-insulator interfadeede plots are shown in figures 10
and 11, respectively. As the density of deep defecireases the n-type concentration
of the semiconductor decreases indicated a laggearation between the Fermi level
and the conduction band. This requires a largetipewoltage to switch the
transistor OFF, thus the shift of the thresholdage to grater positive values.
Similarly when the density of the deep defect iases, the n-type of the
semiconductor decreases causing the Fermi le\ed toore distant from the
conduction band. This requires a large negativeagelto switch the transistor OFF,

hence the shift of the threshold voltage to grea¢gative values.

5. Conclusion



The SILVACO TCAD software was used to carry ouetaidled numerical analysis
for the purpose of elucidating the relation betwtentypes of defects created by
stress and the shift of the threshold voltage irl&¥ZO TFT. Stress can create
several types of defects. They can be discretéd@recontinuously distributed in the
gap of the a-IGZO semiconductor. They may be alsbeasemiconductor-insulator
interface or even in the insulator itself. All teesases were considered. Wherever
they are located (in real or energy space) thegpattaps and/or recombination states.
Hence they may affect the doping density as congigmgsor enhancing centers.
Other parameters such as the lifetime of free @amay be affected. It was found
that acceptor-like defects induce a positive shithe TFT threshold voltage while
donor-like defects result in a negative shift & threshold voltage. The exception is
that interface discrete levels do not cause allotdssoltage shift but a hump in the
transfer characteristics. The importance of thuslgilies the fact that it can elucidate
the uncertainties in explaining why some typesti@ss induce positive shift, others
negative shift and some cause none. In summarp, ddend interface states always
cause a shift in the threshold voltage (negatitiedf are donor-like and positive if
they are acceptor-like defects) while discreterfate levels just produce a hump in
the transfer characteristics. In other word, ifédaample a positive shift in the
threshold is experimentally observed then accdfiterdefects creation by stress
dominates the donor-like defects. If just a humplserved after stress then discrete
interface creation dominates the other types aéatef When the fixed charge density
increase from 01 to 1012 cm~2 the threshold voltage shifts fror2 to —6 V. If the
interface states are discrete levels and theirityeinsrease from 02 to

101* cm™3eV 1 the threshold voltage does not shift but a hungbierved the |-V

characteristics and the saturation current decseagdeastantially from micro-amps to



pico-amps. However if the interface states havesGan distributions and their
density increases from0° to 1012 cm~3eV 1 the threshold voltage is positively
shifted from—2 to 2 V if they are acceptors while it shifts negativelynh —2 to
—6V if they are donors. The midgap states have thategeeffect; if their density
increases from 0> to 108 cm~3eV ! the threshold voltage is positively shifted
from —2 to 6 V if they are acceptors while it shifts negativelyrh —2 to —10 V if

they are donors.
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Table captions

Table 1

The parameters of the DOS model in a-IGZO adoptelis work for the pre-stressed

TFT. Note the absence of the acceptor-like Gausiates.

Table 2

The parameters of the discrete acceptor-like trapted by stress at the

semiconductor-insulator interface.

Table 3

The parameters of the Gaussian defects createtldsg sit the interface between the

gate dielectric (Sig) and the semiconductor channel (a-1GZO).

Table 4

The parameters of the Gaussian defects createldsg $n the gap of the

semiconductor (a-IGZO).



Figure captions

Figure 1

A two dimensional view of the a-1IGZO TFT structienulated in this work [24].
Figure 2

The defect states representation within the bapdgdisordered materials.
Figure 3

The simulated transfer characteristics of the THH the fixed charge states in the
insulator dielectric (Sig) as a parameter. The density of these statesasesdrom

the initial value of; = 1 X 10" cm™2 to Q; = 5 x 10" cm™2.
Figure 4

The energy band diagram of the semiconductor-itsuiaterface forQ, = 1 x

10'° em™2 (a) andQ; = 1 x 10'* cm™? (b) at the same bidg = 1.15 V.
Figure5

The simulated transfer characteristics of the THR the discrete defect at the
semiconductor-insulator interface as a parametez.density of these states increases

from the initial value oiVit = 1 X 102 em~? to Nit = 1 x 10 cm™2.
Figure 6

The simulated transfer characteristics of the THh & Gaussian distributed defect at
the semiconductor-insulator interface for the atmelike and donor-like (a and b,
respectively). The density of these states incsefisen1 x 101° cm™3eV "1 to

5x 102 cm=3eV 1,



Figure 7

The energy band diagram of the semiconductor-it@uilaterface for Gaussian
acceptor-like distributed at the semiconductor-iasu interface with densities of

1x 10 cm™3eV ! (a) and5 x 10'* cm™3eV ! (b) at the same bidg = 1.15 V.

Figure 8

The energy band diagram of the semiconductor-it@uilaterface for Gaussian
donor-like distributed at the semiconductor-insadanterface with densities of

1x 10 cm™3eV ! (a) and5 x 10'* cm™3eV ! (b) at the same bidg = 1.15 V.

Figure 9

The simulated transfer characteristics of the THh Waussian distributed acceptor-
like and donor-like (a and b, respectively) defadhe semiconductor band gap. The

density of these states increases fiom10'® cm™3eV "1 to 1 x 1018 cm™3eV 1.
Figure 10

The energy band diagram of the semiconductor-itauiaterface for densities of the
Gaussian acceptor-like distribution defect in ttegonductor gap af x

10" em™3eV ™! (a) andl x 10'® cm™3eV ™! (b) at the same bidg = 1.15 V.

Figure 11

The energy band diagram of the semiconductor-it@uiaterface for densities of the
Gaussian donor-like distribution defect in the semductor gap of

1x 10 cm™3eV ! (a) andl x 10'® cm™3eV ! (b) at the same bidg = 1.15 V.



Parameter Designation Value

O (cm™ev?Y)  Effective density aE, 1.55 x 16°
Ea (eV) Characteristic slope energy of CB tail states 8.01
gu(cm3ev?!)  Effective density aE; 1.55 x 16°
Eq (eV) Characteristic slope energy of VB tail states 0.12
6te (cM?) Capture cross section of electrons by tail states  10™°

oin (cm?) Capture cross section of holes by tail states 110
ge (cm®ev™)  Total density of the donor-like Gaussian states X615
Ep (eV) Peak position of the donor-like Gaussian states 2.9
op (eV) Standard deviation of the Gaussian distribution 0.1
ope (CM°) Capture cross section of electrons by Gaussiaesstat0'™

oon (cm?)

Capture cross section of holes by Gaussian states 0% 1




Parameter Designation Vaue

E: (eV) Acceptor/Donor trap position 04

N; (cm™)  Acceptor/Donor trap density Variable
owe(cm?)  Capture cross section of electrons by the acceptor/donor trap ~ 10™°

oun (cm?)  Capture cross section of holes by the acceptor/donor trap 10




Parameter

Designation

Vaue

Ogdai (CM VY

ED,Ai (eV)

OD Ai (eV)

OD Aci (sz)

6pani (CM?)

Total density of the donor, acceptor-like Gaussian
states at the interface

Peak position of the donor, acceptor-like Gaussian
states at the interface

Standard deviation of the donor, acceptor-like
Gaussian distribution at the interface

Capture cross section of electrons by donor, acceptor-
like Gaussian states at the interface

Capture cross section of holes by donor, acceptor-like

Gaussian states at the interface

Variable

29,1

0.1,05

10 15

10 15




Parameters

Designation

Vaue

Ogda (CM V™)
ED,A (eV)
OD A (eV)

OD Ae (sz)

OD,Ah (sz)

Total density of the donor, acceptor-like Gaussian states
Peak position of the donor, acceptor-like Gaussian states
Standard deviation of the donor, acceptor-like Gaussian
Capture cross section of el ectrons by donor, acceptor-
like Gaussian

Capture cross section of holes by the donor, acceptor-

like Gaussian

Variable
291
0.1,05

10-15

10 15
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