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| ayer, in accordance with the preanble of Claim1. The invention
additionally relates to a conponent containing such a structure, in
particular a nultiple colour sensor based on a pin- or nip- structure, in
accordance with the preanble of Caim10. The invention additionally
relates to a process for the prodRCE/DEXE/QOEA3, structure in accordance
with the preanble of Claim1l1ll. Structural elenents based on anorphous

silicon or_its alloys. comprising_tw antiserially_arranged pin- _qr

ni p- di odosTERERTROLOUR, SENSGR HTRH, & PIH-OR HIP-SRRIES OF, DALRRS A
state of the art. In this case, the diodes are arranged essentially

verti cal the directj of  I,i ght _i,n¢i e, . SUC | Ppi.Nn- ture.
anor phoughgi P‘P‘é%ﬁlfb(g[g e‘l&eo'{p]?ltb%sosteo?lg ts'lt\%gwgﬁgctW%ﬁ#cg%‘gen%%}ﬁeln’tl%lygeq%ﬁovg\% 1 é?’ or
exanpl e, isr dimiBedarenond Fide ®y7 a peleyerr andoonpthenethemcide by an n-
ni pi n- st resw £SRSL i r §8PeLS q&%@ ;
volot age g’% %Féd%voat <|Ss strug{lmi?ﬁﬁg%%ﬁ?%% ﬁg 'S :E'r\]gfvm'g: h;ﬁﬁé&g}%&en
sensi t | vROALFAORRARLY)| FRlAtRR (iR & SOHROREBE OPNFAENIRGD tFHCHid &HTUGHISL/| i ght

i nci dencgnOpatBectBaf 04 SR SN dlor BehBerPbassed Mo talimbePemapd
downline in the direction o& Ileght. .
structure, 1n accordance with the preamble of Claim 10. The
invention additionally relates to a process for the production of

such a structure in accordance with the preamble of Claim 11.

Structural elements based on amorphous silicon or its alloys,
comprising two antiserially arranged pin- or nip-diodes for the
formation of a pinip- or nipin-structure, are known as state of
the art. In this case, the diodes are arranged essentially
vertical to the direction of light incidence.

Such a nipin-~structure as amorphous silicon-based photosensitive
electronic component is known, for example, from US patent 53 11
047. Moreover, to optimise such a nipin-structure with respect to
the spectral response dependent on the voltage applied to this
structure, the following is known:

The blue/green sensitivity in the nip-structure sequenced upline
in the direction of light incidence or the red/green separation in
the pin-structure sequenced downline in the direction of light
incidence can be improved by installation of additional intrinsic
layers on both sides of the p-doped layer with a band gap of
between 1.74 eV and 1.9 eV. (Q. Zhu, H.Stiebig, P.Rieve, J.Giehl,
M.Sommer, M.BShm, “NEW TYPE OF THIN FILM IMAGE SENSOR” in Sensors
and Control for Advanced Automation, edited by M.Becker,
R.W.Daniel, O.Loffeld, Proc. SPIE 2247 (1994) 301).

It is known to absorb preferably blue light in the first intrinsic
layer, green light in the front part of the intrinsic layer of the



I nci dence can be inproved by installation of additional intrinsic |ayers on
both sides of the p-doped |layer with a band gap of between 1.74 eV and 1.9
eV, (Q Zhu, H Stiebig, P.Reve, J.Gehl, MSomer, MBohm "NEW TYPE CF
THIN FI LM | MAGE SENSOR" in Sensors and Control for Advanced Autonmati on,
edited by M Becker, R WDaniel, OLoffeldd Proc. SPIE 2247 (1994) 301). It
I's known to absorb preferably blue light inthe first intrinsic |ayer,
green light in the front part of the intrinsic |ayer of the 2 rear

di ode, and red light by reduction of the [err]-product in the rear part of
t he secondeantdiods,c dmdyeed Edghthbg, redudipion off rihet wreprodusedinviigteei n
one or nore additional i-layers are provided. (H Stiebig, J.Gehl, D. Knipp,
P. Ri eve, X¢3pHRArtaaiRiheuseseprAcIntTHEEe AaXeT DEMRCHORS| naVREPEPMp. Proc.

377 (19953tAisirfe H.sStiselll Ghefelthl b68Sor Tnditd QfRf.tibnaQ! SChayErki 286"

HVagner, o R R d (. S BT, LR, b Knipp, B.Rieve, M.Lohm. AMOREHOUS
SILICON THREE COLOR DETECTOR in MRS Symp. Proc. 377 (1995) 813 or
H.Stiebig, C.Ulrichs, T.Kulessa, J.Fdlsch, F.Finger, H.Wagner,
TRANSIENT PHOTOCURRENT RESPONSE OF A-SI:H BASED THREE COLOR NIPIN

DETECTORS, in ICAS 16, Kobe, Japan. September 4-8, 1995). Therein,

T is the service life of the charge carrier generated by the

incident light and u its mobility.

A disadvantage in the known named components is that only up to
three linearly independent spectral response curves are detected
by the structure of the layer system. Consequently, a
comparatively expensive superposition of these three independent
signals is necessary for colour image processing.

Therefore the object of the invention is to provide a structure
with several i-layers, in which independent signals are received
such that a reduced superposition is required with a view to
avoiding such a superposition.

In addition, the object of the invention is to provide an
inexpensive optoelectronic component, in particular a multiple
colour sensor, suited to continuously displacing its spectral
response by variation of the voltage applied, and thus to obtain a
spectral response meeting the desired boundary conditions, in
particular to thus detect more than three linearly independent
curves of the spectral response in the range from uv to near ir
incident light and thereby achieve a reduction in the
superposition requirements.

The object is achieved by a structure in accordance with all the
features of Claim 1. The object is additionally achieved by a
component in accordance with all the features of Claim 10. The



DETECTORS, in |ICAS 16, Kobe, Japan. Septenber 4-8, 1995). Therein, [err] is
tthe service life of the charge carrier generated by the incident |ight and
[err] its nmobility. A disadvantage in the known named conponents is that
only up to three linearly independent spectral response curves are detected
by the structure of the layer system Corgequently, a conparatively
expensi ve superposition of these three independent signals is necessary for
col-our imge processing. Therefore the object of the inventionis to
provide a structure with several i-layers, in which independent signals are
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response aspectiaalyn reffetriréngot6agree aph | tleske aldiimsys to obtain a spectral
response neeting the desired boundary conditions, in particular to thus

detect nore than three linearly independent curves of the spectral response
i n the rafychdas dgaly negogaaseflr that to extend the operability of a

component containing such a structure from the direction of light
incidence, the respective band gap E; of the individual i-layers

generally decreases as a result of suitable selection of the
alloys, while the tramnsport characteristics (which can be

characterised by means of the product ut) of the photogenerated

charge carrier improve for a nipin-structure in both intrinsic
layer systems of the top and bottom diode in the direction of the
p-layer (see Figure 1). For a pinip-structure as in the case of
the nipin-structure the band gap of the individual layers is
generally reduced from the direction of light incidence by

suitable selection of the alloys, while the ut increases from the

n-conducting layer to both p-conducting layers.

The term “generally” is used in the above sense to mean that it
has been recognised that at least in the boundary area of two
adjacent i-layers the conditions formulated in the main claim
should be met for the band gap and the transport characteristics.
In this case, the value of the band gap and the transport
characteristics can be kept constant in an advantageous manner
within the respective i-layer. It is nevertheless conceivable to
permit a limited variation of the respective value within the
respective i-layer.

Moreover, the collection of charge carriers can be influenced by a
modification of the electric field (e.g. by micro-doping of the i-
layers) in order to further vary the spatial charge carrier
collection in this way.



I ncident |ight and thereby achieve a reduction in the superposition

rrequi rements. The object is achieved by a structure in accordance with al
the features of Claim1l1. The object is additionally achieved by a conponent
in accordance with all the features of C aim 10. The 3 object is
furthernore achi eved by a process in accagtdance with all the features of
Claim1ll. Further expedi ent or advantageous enbodi nents or variants are to
be found in the sub-clains respectively referring to one of these clains.
It has been recognised that to extend the operability of a conponent

cont ai ni nit dith been pdddienpl by reeogniard ithatofthe ghrurkurdengenot he

respect i vendwdlsl, GistEdcebdt B8 sophdiekad dr e peneraplinigecysases as a
result of suitable selection of he,agio s, whil e the transport
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[ err] [ errdgyrpfidimgiyhatimpdeestiadtures and components containing such a
structure of the type of a simple pin- or nip-structure.
Advantageously, a single polarity is sufficient in such a
structure in contrast to the antiserially connected double diodes
of the type of a pinip- or nipin-structure apparently considered
necessary.

By variation of the voltage applied to the pin~, nip-, pinip- or

nipin-structure according to the invention, the spectral response
can be displaced in the region of far ultraviolet (uv) as far as

the near infrared (ir) with this structure or this component, and
the desired boundary conditions can be adjusted accordingly.

In an advantageous manner, the structure according to the
invention may be formed in such a wéy that it renders the
detection of light of different wavelengths continuously
adjustable by variation of the voltage applied to the structure
and thus in consequence at least reduces the required
superposition.

The invention shall be explained in more detail below on the basis
of figures and embodiments:

Figure 1 is a local curve of the band gap Eg and the product uv

of a nipin-structure according to the invention
suitable for forming a colour sensor, for example;

Figure 2 shows the spectral response of a nipin-structure
according to Figure 1;



charge carrier inprove for a nipin-structure in both intrinsic |ayer
systens of the top and bottomdiode in the direction of the p-layer (see
Fi'gure 1). For a pinip-structure as in the case of the nipin-structure the
band gap of the individual |layers is generally reduced fromthe direction
of light incidence by suitable selection®f the alloys, while the
[err][err] increases fromthe n-conducting |layer to both p-conducting

| ayers. The term "generally” is used in the above sense to nean that it has
been recognised that at least in the boundary area of two adjacent i-1|ayers
t he condiXigmee for ehowsedlafiecthdenaibycNpias shdungtdeonref the epki®ahd gap

and the transport characteristics,..In this case .the value.of the band gap
and the transport g‘?ﬂf‘g(ﬂa@ri | 85S¢ any e‘ieﬁ‘?hm ant % 58438 ageous
manner w thin the rw%\\&]i L.aue It i C ' | geto
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i -1 ayer. Moreover, e geymandiumogopteBhatfethermaterialsn be i nfl uenced by a

nodi fication of the electric field (e.g. by micro-doping of the i- |ayers)

in order further var he atial char arrier
'n orde Ft'J‘.)gur.l'Je sl'\llow P otos-p((IO) or AMgf.g) arllcf dark conductivity (e)

o as a function of the optical band gap Eg for

a-Si;_,Ge,:H;

Figure 5 ambipolar diffusion length L_;; as a function of the
optical band gap E; for a-Si; ,Ge,:H in comparison to

values known from the literature [3, 4, 5]:

Figure 6 shows the photo-conductivity ¢ as a function of the
optical band gap E; for a-Si; ,C,:H, produced from

a silane/methane mixture, with (o) and without (e)
hydrogen dilution; circles according to [6], squares
according to [2];

Figure 7 shows the influence of micro-doping on the electric
field for a nip-structure with three i-layer regions

I, ITI and III, which have a different transport (uif,

pt'l, uv'l) behaviour for charge carriers;

Figure 8 shows the band gap profile and variation in transport
characteristics of a colour sensor based on a pin-
structure;

Figure 9 shows the voltage-dependent spectral response of
a unipolar colour sensor based on a pin-structure
with three i-layer regions.



col ll'ection in this way. 4 1t has been additionally recognised that the
structure is not thereby restricted to structures of the nipin or pinip
t'ype; rather, and al so expressly included in the invention, there are
surprisingly sinple structures and conponents contai ning such a structure
of the type of a sinple pin- or nip-stru6ture. Advantageously, a single
polarity is sufficient in such a structure in contrast to the antiserially
connect ed doubl e di odes of the type of a pinip- or nipin-structure
apparentlx consi dered necessary. By variation of the voltage applied to the
pi n-, niBmbogiments, . pin-structure according to the invention, the
spectral response can be displaced in the region of far ultraviolet (uv) as

far as the near.infrared (ir) wth this structure or. this conponent,_ a
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top and bottom diode constructed consecutively in the direction of
light incidence (from left to right). The top diagram therein
shows the curve of the band gap E,, the bottom diagram the curve of

the transport characteristics ur as a function of the local

coordinate x in the layer sequence.

The top diode contains a nip-structure with two i-layers il and
i, These are constructed therein such that they have a band gap
Egl = 2.0 eV and Egll = 1.95 eV respectively. These two layers were
produced by means of a silane/methane mixture in the ratio 20 sccm
/ 20 scem for if and 4 scem / (4 scem with 180 scem H,) for iff

respectively. Constant values for Eg and uv were adjusted within

the respective i-layer in the case of both the top and the bottom
diode.

The rear bottom diode contains a pin-structure with three i-layers
ilII, iV and iV. These are constructed thereby such that they have
a band gap EgII = 1.9 eV, EgIV = 1.65 eV and EgV = 1.50 eV
respectively. These i-layers illI, iV and iV were formed from
amorphous Si(C), a-Si, ,Ge, (with x=0.5) and a-Si, ,Ge, (with x=0.20)

respectively.

In Figure 2, it is demonstrated with a structure according to
Figure 1 as an example of a 5-colour sensor how the spectral
response of a wavelength of 470 nm (collection of all generated
charge carriers in the front top diode) can be displaceably
adjusted from positive higher voltages to 500 nm for low positive
voltages.



I n an advant ageous manner, the structure according to the i nvention may be
formed in such a way that it renders the detection of light of different
wdyvel engt hs continuously adjustable by variation of the vol tage applied to
the structure and thus in consequence at |east reduces the required
superposition. The invention shall be exptained in nore detail below on the
basis of figures and enbodiments: Figure 1 is a local curve of the band
gap Eg and the product [err][err] of a nipin-structure according to the
invention suitable for formng a colour sensor, for exanple; Figure 2 shows
t he spectasla reepdiseofodifferent- gt rpmdlum;sad.uolt?ieﬂ%ntnifsmlrbabﬂexas o 1-}he
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the rear portion of the intrinsic i-layer (region ut™) at lower

positive voltages, while the generated charge carrier pairs

recombine in the region of the lower utv product.

The different ut products are achieved, for example, by the use of

materials produced with different hydrogen dilution. Only at
higher positive voltages does the electric field increase over the
top diode and the charge carrier pairs can be collected in the
front region of the intrinsic i-layer of the top diode.

For negative voltages or for the rear bottom diode, three
different regions with different ut product were selected. By

applying negative voltages, the bottom diode is in non-conducting
direction, and the photogenerated charge carriers can be collected
in this diode. For low negative voltages, the charge carrier pairs

are collected in the region (ut)™ (maximum of the spectral
response at 550 nm), while they recombine in all other regions
((ur)™ and (ur)V) by the installation of material with a lower

service life. If the electric field above the intrinsic layer in
the bottom diode is increased, the charge carriers are collected

in the regions with (pt)™ and (ut)™, while the photogenerated

charge carriers continue to recombine in the region with (ut)Y

(maximum of the spectral response at 595 nm).

At an even higher applied negative voltage, all the photogenerated
charge carriers are collected in the bottom diode and a further
maximum in the spectral response at 650 nm is observed. Thus, at
voltage values of +3Vv, 1V, -1V, -2V and -4V, for example, linear
independent curves of the spectral response can be respectively
detected.



t he .optical band gap is represented as a function of the germani um content
in the material; Figure 4 shows photo- ((O or AM1.5) and dark
conductivity ([err]) [err] as a function of the optical band gap Eg for
a-Si[err]Gex:H Figure 5 anbipolar diffusion length Lanmbi as a function of
the optical band gap Eg for a-Si[err] Gex8H in conparison to val ues known
fromthe literature [3, 4, 5]; Figure 6 shows the photo-conductivity [err]
as a function of the optical band gap Eg for a-Si[err]Cx:H, produced froma
si | ane/ met hane, m xt ur
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three i-layer regions I, and lave a d erent transport
([err]l, tbeachiéve[anrddddnﬂmanaylcuntinuou@avq&taga4dependeﬁtgspecﬂramoms

Lhe band, gap Ll i1 AIKL Caldel! 0BElckePBREL VA Ty i=1aard’ whefOl O
respectlvely dlfferent band gap and transport characteristics is
equal to a structure with one i-layer with a variable band gap
and/or transport characteristic within this. This embodiment is
also regarded as coming under the subject matter of the drawn up

claims and is claimed as such.

The transport characteristics can be adjusted or varied, for
example, by means of one or more of the following measures:

a) inclusion of germanium (Ge), carbon (C), nitrogen (N) or
oxygen (O) into the amorphous silicon network, e.g. a-SiGe:H,
a-SiC, a-SiH, a-8i; ,N,:N or a-Si; ,O,:H;

b) addition of hydrogen or variation of the hydrogen
concentration in the process gases both for a-Si:H and for
its alloys, as specified under point a);

c) variation of the process parameters, such as pressure,
temperature or power, for example.

The production conditions can have the following influence on the
transport characteristics of a-Si:H-based alloys:

In the case of amorphous silicon (a-Si:H) the optoelectronic
characteristics can be influenced by variation of the production
conditions. For example, the material quality can be changed by
variation of the deposition pressure, temperature, the electric
power supplied or by suitable addition of additional process gases
(e.g. hydrogen, helium, argon, fluorene) in the layer deposition
process. This means that the transport characteristics of the



structure; Figure 9 shows the voltage-dependent spectral response of a

uni pol ar col our sensor based on a pin-structure with three i-layer regions.
6 "Enbodi ments Figure 1 shows a structure of the nipin type in cross-section
with top and bottom di ode constructed consecutively in the direction of

i ght incidence (fromleft to right). Thetop diagramtherein shows the
curve of the band gap Eg, the bottom diagramthe curve of the transport
characteristics [err]]err] as a function of the local coordinate x in the

| ayer sequence. The top diode contains a nip-structure with two i-layers i
and i11. ohrrge garrdexsdiues ethe preduct frem the seayisevdifepbafidthap Egl =

2.0 eV arwhaeqé carl::.%'i aMdr Qﬁaeﬁbbyfi?% JHesfe mﬂg@veaérmefeaerﬂgyf% by
SI

e ratlo 20 sccm
means . of %1 'E%B ar %fusiggr ngth) can be purposefully adjusted.

In the case of the alloys of amorphous silicon, e.g. the silicon~-
germanium alloys (a-Si, ,Ge,:H) and the silicon-carbon alloys (a-

8i, 4Cx:H), the transport characteristics change with the

composition of the respective alloy. This behaviour is shown by
the example of the silicon-germanium alloy in Figures 3 to 5.

As the germanium content increases, the optical band gap can be
continuously adjusted between E; = 1.8 eV (a-Si:H) and Eg = 1.0 ev

(a-Ge:H), as may be seen from the insertion in Figure 3. As the
Ge-content increases, the defect density, determined by the
measurement process referred to as “constant photocurrent method”,
increased by two orders of magnitude or more (Figure 3, large
figure). At the same time, the photo- and dark conductivity (see
Figure 4) and also the ambipolar diffusion length (see Figure 5)
change in dependence upon the alloy composition. The photo-
conductivity is thereby proportional to the product from charge

carrier service life t and mobility u and reflects the transport

characteristics of the majority charge carriers (in this case:
electrons). The ambipolar diffusion length thereby essentially
describes the transport characteristics for the minority charge
carriers (in this case: holes) for the material present here.

In addition, the transport characteristics can be influenced in
the case of the silicon alloys (as with a-Si:H) by preparation
measures (a described above), in particular by the addition of
additional process gases during deposition [Matsuda 1, 2]. The
influence of the addition of hydrogen (“hydrogen dilution”) to the
process gases silane (SiH,) and methane (CH,) is shown in Figure 6



/| 20.sccmfor il and 4 sccm/ (4 sccmwith 180 sccmHerr]) for e
respectively. Constant values for Eg and [err][err] were adjusted within
the respective i-layer in the case of both the top and the bottom di ode.
The rear bottom di ode contains a pin-structure with three i-layers illl,
i1V and i V. These are constructed therebygsuch that they have a band gap
Eglll = 1.9 eV, EgIV = 1.65 eV and EgV = 1.50 eV respectively. These
i-layers illl, ilV and iV were formed from anorphous Si (C), a-Si[err]Gex
(Wwith x=0.5) and a-Si[err]Gex (wth x=0.20) respectively. In Figure 2, it
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cases where deposited material without H, addition is used. This

effect thereby increases intensely as the C (carbon) content
increases. The ratio of [H,] to ([SiH,]+[CH,]) can thereby assume

values, for example, of 10 to 50.

It is known from the literature and from publications concerning
pin solar cells that the collection of blue light in pin-diodes
can be reduced by a carry-over of doping gas (such as boron) in
the front region and be increased, for example, by phosphorous
doping in the i-layer. By the combination of micro-doping with
simultaneous variation of the band gap Eg and the transport
characteristic in the individual i-layers, the spectral colour
separation can be further improved. This is explained on the basis

of the top diode (nip-structure) of a nipin-structure (Figure 7,
Figure 8).

Figure 7 shows the curve of the band gap Eg and the transport

characteristics uv as a function of the coordinates of a nip-

structure according to the invention with three i-layers.

A positive fixed charge is incorporated into the absorber layer by
including phosphorous (Figure 7, curve 1). The electric field is
thus increased in the region of the p/i-transition, while it is
reduced in the other portion of the absorber layer (in the region
of the i/n transition). The position-dependent collection is thus
supported by the position-dependent field curve. The opposite
influence is observed for inclusion of boron (Figure 7, curve 2).

Corresponding optimisation of the colour separation, for example,
by the inclusion of phosphorous, can naturally also be undertaken



7 As;a result of different [err][err] products in the intrinsic |ayers of
the top diode the photogenerated electron hole pairs are collected in the
rrear portion of the intrinsic i-layer (region [err][err]Il) at |ower
positive voltages, while the generated charge carrier pairs reconbine in
the region of the lower [err][err] prodadt. The different [err][err]
products are achi eved, for exanple, by the use of materials produced with
di fferent hydrogen dilution. Only at higher positive voltages does 't he
electric field increase gver the top diode and the charge carrier pairs can
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The following is also stated concerning the multiple colour sensor
based on a nip~ or pin-structure such as may be seen from Figure 7

or Figure 8, for example:

The nip~ or pin-structure according to the invention which is
suitable as photodiode, its spectral response being displaceable
by variation of the applied voltage, allows the formation of a
unipolar detector, in which only a single polarity of the voltage
applied to the structure is required to detect the three known
colours (red, green and blue), other colours or even several of
these colours.

Since three or more colours can be detected in the above-specified
manner with the structure according to the invention in a bottom
diode, for example, because of three independent equations, a
structure based on a pin- or nip-layer sequence respectively with
several i-layers is already sufficient. On this basis, by the
solution to the set problem, it thus decisively exceeds the
characteristics of the structurally far more complex, antiserial
pinip- or nipin-layer sequence described as known. A unipolar
three- or multiple-colour sensor based on a pin- or nip-structure,
in particular based on amorphous silicon or its alloys, is also
achieved according to the invention.

Such a structure suitable for formation of a sensor also has the
advantage that on construction of a sensor array using such a
structure, a clearly reduced coupling of adjacent pixels occurs,



service life. If the electric field above the intrinsic layer in the bottom
di ode is increased, the charge carriers are collected in the regions with
(Terr][err])IIl and ([err][err])IV, while the photogenerated charge
carriers continue to reconbine in the region with ([err][err])v (maxi num of
the spectral response at 595 nm. At anl@ven higher applied negative

vol tage, all the photogenerated charge carriers are collected in the bottom
di ode and a further maximumin the spectral response at 650 nmis observed.
Thus, at _voltage val ues, of +3V, 1V, .-1V, -2V and -4V, for anpl e, |inear

| ndependBHECR T SORBEIPTy 50 @ BbiB5 pOR B RIR- S kTR, [y SHEREERER.

8 Thr oughaseny ¢ondirstrive meydeler dgyepsineshecfonnelof ileh adijdicenenp- or
transporiy, _ clerl s ¢ . ({errld er d 1 t..1S i bl.e o0 this way
to achiebeiggég§%§ﬁ%ﬁg+ﬁv&%%%f#ngogéyé%gfg%%%%%%%%ﬂéﬁﬁgéétgﬁﬁgpgresponse.

In this pataritysis iadvantageous\lyr pegaasary| fgerthevanplied voltage.

Moreover, with the structure according to the invention the
transient behaviour in relation to a detector based on two
antiserial diodes is improved, since charging processes of the
stored charge do not occur in the top or bottom diode, as are
observed with pinip- or nipin-structures.

The use of three or more i-layer regions respectively with
different ut product can be conceivable and also desired thereby.

Analogous to the nipin-structure micro-doping can be performed for
optimisation. Phosphorous, boron or arsenic can be used for such a
doping.

In the case of a pin-structure, the band gap E; is reduced in the

direction of incident light at the boundary areas of two adjacent
i-layers. The absorber layer is divided into three regions with a

different ut product, whereby the transport characteristics of the

materials used also deteriorate from the p-conducting layer to the
n-conducting layer, as is shown in Figure 8. Measurement results
for a structure are shown in Figure 9 which for increasing
negatively applied voltage demonstrate the displacement of the
spectral response and its purposeful adjustability as a function
of the wavelength of the light.

In the case of a nip-structure, the band gap is also reduced from
the direction of light incidence (n-layer), while the transport
characteristics improve in the three different regions of the n-
layer to the p~layer.



respectively different band gap and transport characteristics is equal to a
structure with one i-layer with a variable band gap and/or transport
characteristic within this. This enbodinent is also regarded as coming
under the subject matter of the drawn up clainms and is clainmed as such. The
transport characteristics can be adjusted3or varied, for exanple, by neans
of one or nore of the foll ow ng neasures: a) i nclusion of germanium (Ce),
carbon (C), nitrogen (N) or oxygen (O into the anorphous silicon network,

e.g. a-SiGe: -Si,C, g-SiH a-Si[err]Nx:Nor a-Siferr]Ox:H, b) addition
of (‘:]hydrogﬁ'fl‘elE g#“\?’é:}‘ﬁlé’ﬂi off Statee with Q%ctéhtFrléﬂlianllpm_ fRevhigkeds gases
both for serfoldne foar ai bensblroysrapsospa fiype wigeh-pernpin)cofour
vari ati?rgé}{sép%]sgrs S paraneters, such as pressure, tenperature or

power, for exanp “production conditions can have the follow ng :
i nfl uence on the transport characteristics of a-Si:H based alloys: In th

case of apnncillieaBehdn attatd HONARES 1IN EhaTARLAT SUI cs can
be influenced by variation of the oducti on i
conductivity of doped n- and p-layers leads to coupling currents
perpendicular to the direction of light incidence. The area of an
active pixel in an unstructured sensor array is defined by its
back contact (structured metallising plane). An occurring coupling

current (I,;) superposes the photo-current and makes the evaluation

of the signal difficult or prevents it. Coupling processes over
the n-layer (last semiconductor layer before the back contact) in
the case of a nipin- or pin-diode (the p-layer accordingly in the
case of a pinip-detector) can be prevented by technological
measures (e.g. inverted deposition on a structured substrate, in
which the n-layer tears off at previously defined pixel edges) or
by the switching (U; = U, =U; ...). The coupling via the p-layer in

the case of a nipin-detector (accordingly the coupling via the n-
layer in the case of a pinip-diode) can only be prevented by a
complete structuring (removal of the thin-film system between
individual pixels) of the array or by transfer to a unipolar
detector (pin- or nip-diode), in which the complex i-layer system
in the component is only interrupted by a layer with high
conductivity. Since structuring of the complete array is
technologically time-consuming and costly, an unstructured sensor
array comprising pin- or nip-diodes, which can separate three or
more spectral components of the light, constitutes an advance with
respect to the reduction of the coupling current.



condi.tions. For exanple, the material quality can be changed by variation
of the deposition pressure, tenperature, the electric power supplied or by
suitabl e addition of additional process gases (e.g. hydrogen, helium

argon, fluorene) in the |ayer deposition process. This nmeans that the
transport characteristics. of the 9 chaage carrier (i.e. the product from
the service life of the charge carrier and the nobility of the charge

carrier qﬁig@khgﬁ%éhﬁi?@bipolar di ffusion I ength) can be purposefully
adjusted. In the case of the alloys of anorphous silicon, e.g. the silicon-

germani um al loys (a-Si[err]Gex:H) and the silicon-carbon alloys (a-
Siferr]CxH), Anmﬂswas,pm.tyamaakagtstw&fﬁﬁ MIHeEen tYhIEnBﬁJ.QﬁEPOS' tion of

the resp ve | 0 Thi s beh is sho e ex

S con gttt pteRugRg X eLataks, %pﬁn tP'SJa! Aendedh, Lhfse)

i ncreases, the optical band gap can be contlnuously adj ust ed between EG
[err] 1-8[29]\/ (Rt ddas "k . FEnaka? $Y appl. Phys. 67, 7065 (1990)

[3] W.Luft, Y.S.Tsuo in: Hydrogenated Amorphous Silicon Alloy
Deposition Processes, Marcel Dekker Inc., New York, Basle, Hong
Kong, (1993)

[4] G.H.Bauer, C.E.Nebel and H.-D.Mohring, Mat. Res. Soc. Symp.
Proc. 118, 679 (1988)

[51 L.Yang, L.Chen, A.Catalano, Mat. Res. Soc. Symp. Proc. 219,
259 (1991)

[6] J.Fblsch, thesis, Stuttgart University 1995, in: Berichte des
Forschungszentrums Jililich [Reports of the Jiilich Research Centre],
Jiilich 3147 (1995)



(a-Ge:H), as nmay be seen fromthe insertion in Figure 3. t
l.ncreases, the defect density, determ ned by the neasureng tI‘ImHmyﬂﬂ[mr“Im
referred to as "constant photocurrent nethod", increased by {Wx ondems of =«

magni tude or nore (Figure 3, large figure). At the sane tinme, the photo-

and dark conductivity (see Figure 4) andigl so the anbi pol ar diffusion
| ength (see Figure 5) change in dependence upon the alloy conposition. The

phot o- copgughiiVidyaigsthereby proportional to the product from charge
carrier service IHTe ?err] and nobility [err] and reflects the transport

characted]stics_of the majority charge carriers (in this case: electrons).
The anbi pp) ar ghrhfdiiren Wi®ROEBvEREY ebyl Spsad) ivitlicdh desafinlesadt bg énansi@st

characteristigs for the mnority char carrjer in this case: holes) for

the material pfedR-Y¥er apf QEdFF?o%&‘?‘ﬁes’t‘fea%&p&nt NsH3¥8Creri stics can

be i nfl uenced ¢hatdrrerdsedobyt heans | fopnfethioys Hhesenmi-lageBs: B bych a

preparation ng@ggﬁgﬁn§a descri bed above), in particular by the addition of
proc

addi ti onal s gases during deposition [Matsuda 1, 2]. The influence of
the addition of hydrogen ("hydrogen dilution") to the process gases sil ane

(SiH err]) and et hane dfdt 64 lthel BoahQdPy | dréd PBEEvden two adjacent i-
layers (iI, iIl), viewed in the direction of light incidence,
the band gap E (I) of the respective first i-layer (i) more

closely adjacent to the light input side is larger than the
band gap E,(II) of the second i-layer (i**) further removed

from the light input side,

- at least in the boundary area between two adjacent i-

layers (iI, i), in the direction from the p-layer to the n-
layer, the product ut(I) of the i-layer (i') further removed
from the n-layer is larger than the product ut(II) of the i-

layer (i) more closely adjacent to the n-layer.

2. Structure acco:ding to Claim 1, characterised by a pin- or
nip-structure.

3. Structure according to Claim 1 or 2 with a majority of i-
layers or a plurality of i-layers (I, II, ...).

4. Structure according to Claim 1, 2 or 3, wherein in one or
more i-layers, in particular in all i-layers (I, II, ...),
the respective band gap Eg(I, II, ...) within this i-layer has

a constant value.

5. Structure according to Claim 1, 2, 3 or 4, wherein in one or
more i-layers, in particular in all i-layers (I, II, ...),



10 as an exanple for the alloy systema-Si[err]Cx:H WMaterial '

heavy hydrogen dilution exhibits an essentially higher phot Ollﬂwmll‘m‘““m“'
and thus higher values for the [err] product than in the caseswtere ® s =+
deposited material without H2 addition is used. This effect thereby

I ncreases intensely as the C (carbon) codbent increases. The ratio of
[Herr]] to ([SiHerr]]+[CH err]]) can thereby assune val ues, for exanple,
of 10 to 50. It is known fromthe literature and from publications
concerning pin solar cells that thé collection of blue light in pin-diodes
can be reducedtly respeatives productopt(ly §ils (-sudhwiashbor thisi b-iayer rhas
region and be increased, fqr exanple, by phosphorous doping in the i-I|ayer.
By the conbina?i?ﬁpﬁﬁaQF<ﬁ4ip§bping wi th sinul taneous variation of the band
gap Eg and the transport characteristic in the individual i-layers, the

spect ral gol oug, SEOALAL |t B cbUELDER 150804 BY B, SnRbR' 08728
a pinip-structure, the n-layer on the side adjacent to the i-
layer has a further layer sequence with one or more i-layers
as well as a further p-layer limiting this further layer

sequence.

7. Structure according to Claim 1, 2, 3, 4 or 5, wherein to form
a nipin-structure, the p-layer on the side adjacent to the i-
layer has a further layer sequence with one or more i-layers
as well as a further n-layer limiting this further layer
sequence.

8. Structure according to Claim 6 or 7, characterised by means
for constructing the further layer sequence in such a way
that:

- at least in the boundary area between two adjacent i-
layers (iI, i) of this further layer sequence, viewed in the
direction of light incidence, the band gap Eg(I) of the

respective first i-layer (il) more closely adjacent to the
light input side is larger than the band gap E (II) of the

second i-layer (i) further removed from the light input
side,

- at least in the boundary area between two adjacent i-
layers (iI, iIT) of this further layer sequence, in the

direction from the p-layer to the n-layer, the product ut(I)

of the i-layer (i) further removed from the n-layer is larger

than the product upt(II) of the i-layer (i) more closely

adjacent to the n-layer.



of the top diode (nip-structure) of a nipin-structure (Figure 7 el
Figure 7 shows the curve of the band gap Eg and the transport Ilﬂlﬂlﬁ“li“ﬁ"“l"ll‘
characteristics [err][err] as a function of the coordinates of T M s %
structure according to the invention with three i-layers. A positive fixed
charge is incorporated into the absorberi1ffayer by includi ng phosphorous
(Figure 7, curve 1). The electric field is thus increased in the region of

the p/i-transition, while it is reduced in the other portion of the

absorber layer (in the region of the i/n transition). The .

posi ti on-HeperRfeiRy deithe@ Pdnrpdityiual ssippittues Faspectdvrlyoforeiea dere

field curve. ThxdIPRRUSrAING toebae b8 @hsiiyed dprg.i ncl usi on of boron
(Figure 7, curve 2). Corresponding optimsation of the col our separation,

for exanple, by the inclusion of phosphorous, can naturally al so be
undert akeld. Elediwrniicpicomponent,tir patticsiar ia myeriplef calour sensor,

pi i p- SUT UCE U Gon d 3 AYEY U@ or! ABrb SLfhucAled MHoddif 4PYS! 8RG! B IRBEDCSA!

Claims 1 to 9.

11. Process for the production of a structure according to one of
Claims 1 to 9, characterised in that

- a structure with several i-layers is formed, which is
limited on one side by a p-layer, on the other side by an n-
layer, and means are thereby selected for forming these i-
layers in such a way that

- at least in the boundary area between two adjacent i-
layers, viewed in the direction of light incidence, the band
gap Eg(I) of the respective first i-layer more closely

adjacent to the light input side is larger than the band gap
E4(II) of the second i-layer further removed from the light

input side,

- at least in the boundary area between two adjacent i-
layers (i, i), in the direction from the p-layer to the n-

layer, the product ut(I) of the i-layer (il) further removed

from the n-layer is larger than the product ut(II) of the i-

layer (i) more closely adjacent to the n-layer.



col l.ection efficiency, can al so be changed or adjusted by neans of a
partial doping of individual i-layers of the nodified absorber |ayer (e.g.
wi.t h boron, phosphorous, arsenic or fluorene). The following is al so stated
concerning the nmultiple colour sensor based on a nip- or pin-structure such
as may be seen fromFigure 7 or Figure 818for exanple: The nip- or

pi n-structure according to the invention which is suitable as photodi ode,
its spectTBRT rops FICYREBei ng di spl aceabl e by variation of the applied
voltage, allows the formation of a unipolar detector, in which only a
single polarity of the voltage applied to the structure is required to

det ect tHEIQUREed known dMsthans < metthageeen and bl ue), other colours or even
several of these col our LRGe =t nore colours can be detected in

t he above-specified nanﬁga Wt tﬁggnggcture according to the invention in
a bottom di ode, for exanple, because of three independent equations, a
struct ur esured 20N a pi Ispetrale EAPLind EIURREE. LRl al Yy Wi th several
i-layers is already sufficient,. .On this basis, by the solution to the set

problem it thus decisi REAPIAYIETs t he

Wellenldnge = wavelength

FIGURE 4 Dunkel- und Photoleitfdhigkeit = dark
and photo-conductivity

FIGURE 6 mit = with
ohne = without
Verdiinnung = dilution .
eigene Werte = own values

FIGURE 7 Produkt = product

FIGURE 10 Substrattréger (z.B. Glas) = substrate
support (e.g. glass) _
transparenter Frontkontakt = transparent

front contact

Schicht = layer

strukturierte Metallisierungsebene =
structured metallisation plane



characteristics of the structurally far nore conplex, antiserial pinip- or
ni pi n-l ayer sequence descri bed as known. A unipolar three- or

mul ti pl e-col our sensor based on a pin- or nip-structure, in particular
based on anorphous silicon or its alloys, is also achieved according to the
i nvention. Sweb9wssssor ucture suitable for fornmati on of a senBCIDEIMETIRas t he
advant age that on construction of a sensor array using such a structure, a
clearly reduced coupling of adjacent pixels occurs, 12 since in .
conparison to a nipin- or pinip-structure, this structure has no conductive
m ddl e layer in the formof the adjacent .p- .or n-layer on both sides of
i-layers. Moreover, only a single polariﬁflps advant ageousl y necessary for
the applied voltage. Mreover, with the structure according to the
invention the transient behaviour in relation to a detector based on two
antiserial diodes is inproved, since charging processes of the

Eg 2.0eVv 1.95ev 1.9eV 1.65eV 1.50eV
n i i p i i i n Bandgap
! n u w v -
('ur)rog (ﬂ T) Top : '(# T) Bot ('ur) Bor ('ur)Bol ue = Pr odukt
Stehan  etan  a-Si(C)  2-8i,Ge, a-Si,,Ge,
20scc; ZOSccmAScc% scom =5% x=20%
+180scem H,
-—  — —>
Topdiode , Bottomdiode
! i
Wy <)y (00 > (07, > (0],

Fig. 1



stored charge do not occur in the top or bottomdiode, as are observed with
pi ni p- or nipin-structures. The use of three or nore i-layer regions
respectively with different [err][err] product can be conceivabl e and al so
desired thereby. Anal ogous to the nipin-structure m cro-doping can be
performed for WwgR738d58at i on. Phosphorous, boron or arseni c cRCIRENW3 f or
such a doping. In the case of a pin-structure, the band gap Eg is reduced
in the direction of incident |ight at the boundary areas of two adjacent

i -layers. The absorber layer is divided into three regions with a different
[err][err] product, whereby the transporilfgmaracteristics of the materials
used al so deteriorate fromthe p-conducti'ng |layer to the n-conducting

| ayer, as is shown in Figure 8 Measurenent results for a structure are
shown in Figure 9 which for increasing negatively applied voltage
denonstrate the displacenent of the spectral response and its purposeful
adjustability as a function of the wavelength of the light. In the case of

a ni p-structure, 300 rbert—gap—is—atso—redueet—i+rom-the—direeton—ef— i ght
i nci dence (n-| r), fwhile thgoNfansport
—-— 10V
%e —- A0V
%‘ —- 25V
©ogo} --- 5OV
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©
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[
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characteristics inprove in the three different regions of the n- |ayer to
the p-1layer. 13 The following is stated with respect to Figure 10, in
whi ch a sensor |ine or a sensor array of the type nipin- or pin-colour
sensor i s shown: In unstructured sensor arrays or sensor lines, the high
conductivity wbodssesd n- and p-layers | eads to coupling cur PERDES00713
perpendi cular to the direction of |ight incidence. The area of an active
pi xel in an unstructured sensor array is defined by its back contact
(structured netal lising plane). An occurring coupling current (IQ)

super poses the photo-current and nmakes3Ale eval uati on of the signa
difficult or prevents it. Coupling processes over the n-layer (Il ast

sem conductor | ayer before the back contact) in the case of a nipin- or

pi n-di ode (the p-layer accordingly in the case of a pinip-detector) can be
prevent ed by technol ogi cal
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measures (e.g. inverted deposition on a structured substrate, in which the
n-layer tears off at previously defined pixel edges) or by the sw tching
(Uerr] = Uerr] = Uerr] ...). The coupling via the p-layer in the case of
a nipin-detector (accordingly the coupling via the n- layer in the case of
a pinip-di odwowassonl y be prevented by a conpl ete struct urkanprmesmyal of
the thin-fil msystem between individual pixels) of the array or by transfer
to a uni polar detector (pin- or nip-diode), in which the conplex i-I|ayer
systemin the conmponent is only interrupted by a |ayer with high
conductivity. Since structuring of the conplete array is technologically

ti me-consum ng and costly, an unst r uct#{A®d sensor array conprising pin- or
ni p- di odes, which can separate three or nore spectral conponents of the
light, constitutes an advance with respect to the reduction of the coupling
current. 14 Literature List
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by a p-layer and on the other side by an n-layer, characterised by neans
for formng these i-layers in such a way that: - at least in the
boundary area between two adjacent i- layers (il, ill), viewed in the
direction of light incidence, the band gap Eg(l) of the respective first
i-layer (il) worensssspsel y adjacent to the |ight input side iPCTIEIZEN71X han

the band gap Eg(11) of the second i-layer (ill) further renoved fromthe
i ght input side, - at least in the boundary area between two adjacent
i- layers (il, ill), in the direction fromthe p-layer to the n- |ayer, the
product [err][err] (1) of the i-layer (84Y0 further rempved fromthe n-1ayer
is larger than the product [err][err](ll) of the i- layer (ill) nore
cl osely adjacent to the n-layer. 2. Structure according to daiml,
characterised by a pin- or nip-structure. 3. Structure according to Caim
1 or 2with a mjority of i- layers or a plurality of i-layers (I, 11,
). 4. Structure according to Claim1, 2 or 3, wherein in one or
-3 :
. a-SiC:H
—_ -4+ & (CHy)
I o ¥ o
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nmore i-layers, in particular in all i-layers (1, Il, ...), the respective
band gap Eg(l, Il, ...) within this i-layer has a constant val ue. 5.
Structure according to daiml, 2, 3 or 4, wherein in one or nore i-|ayers,
in particular in all i-layers (I, I'l, ...), 16 the respective product
[err][err](],wolersgsso) Wthin this i-layer has a constant v&SCIDEFN0713
Structure according to daiml, 2, 3, 4 or 5, wherein to forma

pi ni p-structure, the n-layer on the side adjacent to the i- |ayer has a
further | ayer sequence with one or nore i-layers as well as a further
p-layer limting this further |ayer sequence. 7. Structure according to
Claim1l, 2, 3, 4 or 5 wherein to form/d0nipin-structure, the p-layer on
the side adjacent to the i- layer has a further |ayer sequence with one or
nore i-1layers

( #r)’ ( !u.)” ( /_u.)”’ ut — Pr odukt

a-Si(C) a-Si(C) a-Si

(#1)1 < (#T)]I < (,ur)’”

Fig. 7



as well as a further n-| ayer limting this further |ayer sequence. 8.
Structure according to Caimé6 or 7, characterised by neans for

constructing the further |ayer sequence in such a way that: - at | east
in the boundary area between two adjacent i- layers (il, ill) of this
further | ayerweemsasace, viewed in the direction of |ight inRCTBETNNTI8he
band gap Eg(l) of the respective first i-layer (il) nore closely adjacent
to the light input side is |larger than the band gap Eg(l1) of the second .
i-layer (ill) further renmoved fromthe |light input side, - at least in
t he boundary area between two adjacent i- layers (il, ill) of this further

| ayer sequence, in the direction froméfe p-layer to the n-layer, the
product [err][err](l) of the i-layer ( 5°further_rem)ved fromthe n-layer
is larger than the product [err][err](Il) of the i-layer (ill) nore closely
adj acent to the n-Ilayer.
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17 9. Array with a plurality of struct'ures reespectively fornming one pixel
according to one of Clains 1 to 8 10. Electronic conponent, in particular
a multiple colour sensor, containing one or nore structures according to
one or nore of Clainms 1 to 9. 11. Process for the production of a
structure acowodi3sgsot 0 one of Clains 1 to.9, characteri sed PEI/DE2W00713 a

structure with several i-layers is forned, which is limted on one side by
a p-layer, on the other side by an n- layer, and neans are thereby sel ected
for formng these i- layers in such a way that - at least in the
boundary area between two adjacent i- |layers, viewed in the direction of
| i ght incidence, the band gap Eg(l) of the respective first i-layer nore
closely adjacent to the light input sid@4X |arger than the band gap Eg(Il)
of the second i-layer further renoved fromthe |ight
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| nput side, - at least in the boundary area’between two adjacent i-

layers (il, ill), in the direction fromthe p-layer to the n- layer, the
product [err][err](l) of the i-layer (il) further removed fromthe n-layer
is larger than the product [err][err](ll) of the i- layer (ill) nore
cl osel y adj acwo9m3gssohe n-| ayer. . PCT/DE97/00713
10/10
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\'{' side by a p-layer and on the other side by an n-layer.
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(54) Bezeichnung: DREI-FARBENSENSOR MIT EINER PIN- ODER NIP-SCHICHTENFOLGE
(57) Abstract

A structure of several i-layers is limited on one E, 20V 1.95eV 1.9eV 1.65¢V 1.50eV

“he structure has means that form said i-layers in such
d way that at least in the boundary area between two
adjacent i-layers (i!, i), seen in the light incidence
direction, the bandgap E; (I) of the first i-layer (i!)
closer to the light input side is larger than the bandgap
Eg (II) of the second i-layer (i'!) adjacent to the first and
further removed from the light input side. In addition,
iﬁ the boundary area between two adjacent i-layers (il -
il), in the direction from the p-layer to the n-layer, 7 s n w Z 1 = Pr odukt
the product ur(I) of the i-layer (if) further removed (v ’)72 (/”)"5? (’")i'-’ () m— :,_mm
from the n-layer is larger than the product ur(ll) of § . . . -

the i-layer (i!) closer to the n-layer. A structure is thus mymm 25‘;'"" SO l‘,s‘ﬂ;":e‘ ‘m

obtained for forming a colour sensor which generates 20scom S 4scem

signals which need to be superimposed to a lesser
extent for image processing. The structure is preferably
designed as a pin- or nip-structure,

+180sccm H,

Topdiode Bottomdiode
| P g (s, <), (5300 > (uat) gy > (re)y,

)

(57) Zusammenfassung

Die Esfindung betrifft eine Struktur mit mehreren i-Schichten, die an einer Seite von einer p-Schicht an der anderen Seite von einer
n-Schicht begrenzt wird. Dabei weist die Struktur Mittel zur Ausbildung dieser i-Schichten auf, die bewitken, daB in Lichteinfallsrichtung
wenigstens im Grenzbereich zweier benachbarter i-Schichten (if, i) die Bandliicke By(I) der jeweiligen der Lichteintrittsseite nither
benachbarten, ersteren i-Schicht (i') grdBer ist als die Bandliicke Eg(Il) der mit ihr benachbarten, der Lichteintrittsseite weiter entfernten,
zweiten i-Schicht (i). AuBerdem ist in Richtung von der p- zur n-Schicht wenigstens im Grenzbereich zweier benachbarter i-Schichten
@i, i") das Produkt pr(T) der von der n-Schicht weiter entfernten i-Schicht (ily groBer ist als das Produkt ur(I) der der n-Schicht niher
benachbarter i-Schicht (i"). Auf diese Weise wird eine Struktur zur Bildung eincs Farbsensors bereitgestellt, deren erzeugte Signale eine
ven;:gﬁne Superposition zur Bildverarbeitung erforderlich machen. Vorzugsweise ist dic Struktur als ¢ine pin- oder eine nip-Struktur
aus; det.




