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We have analyzed the influence of the hydrogenated amorphous silicon (a-Si:H) thickness on the electrical performances of top
gate thin-film transistors (TFTs). We have observed that, when the a-Si:H thickness increases, the threshold voltage and the
subthreshold slope decrease. The modification of the TFT apparent field-effect mobility has also been investigated: we have
shown that it first increases with the a-Si:H thickness, and then decreases for thicker a-Si:H films. This change of electrical
performances is most likely associated with both the variation of a-Si:H microstructure during the film depositions and the effect
of parasitic source and drain series resistances. We have demonstrated that for a given TFT geometry, it is therefore possible to
define an optimum a-Si:H thickness ensuring maximum TFT electrical performances, and that this optimum thickness increases
significantly with the TFT channel length.
KEYWORDS: amorphous silicon, thin-film transistor, top-gate, series resistances, field-effect mobility, field-effect activation en-
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1. Introduction and Fabrication Process contact$®) Then an intrinsic a-Si:H/a-SiNH bi-layer and a

The amorphous silicon thin-film transistors (TFTs) use&econd a-SiNtH gate insulator were deposited by plasma-

in flat panel display applications can be divided in two cat-
egories, depending on the deposition sequéhddéie most ;
widely used is the bottom-gate TFT structure, where the filr=tg M P LE % TOP UIEMW
deposition order is as follows: gate metal, gate insulato g
amorphous silicon, and phosphorus-doped amorphous s
con. Alternatively, the fabrication order for the top gate struc
ture is as folllows: source and drain contacts, amorphous si
con, gate insulator and finally gate metal. The top gate TF]
have many advantages, among which are:
(i) the top-gate fabrication process allows the use of a vel
thin a-Si:H layer that can reduce the light-induced TF
leakage current

(ii) the gate-line is deposited at the top of the device an
can therefore be very thick (no step-coverage concern f
a-Si:H and amorphous silicon nitride deposition, whict
exists in bottom-gate TFT structure). This will reduce

the gate-line RC-delay in large-area high-resolution
active-matrix liquid crystal displays (AMLCD$);

(iif) A smaller number of photomask steps is usually neede™
in comparison with the bottom-gate a-Si:H TFTs. This
could lower AMLCD production cos?.

Itis always assumed that the electrical performances of t
top-gate TFTs are lower than those observed for bottom-ge
TFTs® which is the reason for the wider use of the latte
structure in AMLCD applications. However, we have recently

aluminium
(gate)

o m—

a-SiNx:H (2)

showed that high-performance top-gate TFTs with electrici® B - a-SiNxtH(1)

performances comparable to bottom-gate TFTs can be fah : a-Si:H /

cated® ' _ ' St e
The structure of such a high-performance TFT is shown i ITO (drain) conduction

Fig. 1. A metal electrode (light shield) was first deposite( channel

and patterned on glass substrates, then covered with sEEERSIOH:]

con oxide (a-SiQ:H). Next, an indium-tin-oxide (ITO) layer

was deposited and patterned to form source and drain elg - EHT=1000kvV  SignalA=InLens Oulput dev = Polarcid 543
trodes and selective phosphorus treatment of the ITO pat-

terned electrodes was done to achieve ohmic source/drgi'ﬁ 1. Scanning electron microscopy (SEM) pictures of the top- and

ross-section-views of a typical top-gate a-Si:H TFT structure.

*E-mail address: sandrine@eecs.umich.edu

530



Jpn. J. Appl. Phys. Vol. 40 (2001) Pt. 1, No. 2A SANTIN et al. 531

enhanced chemical vapor deposition (PECVD) atZ50i- 10_7_: VDs=0'1V W/L=50um/10um w
nally, aluminum was deposited and patterned as the TFT ge 1 T=298K -
electrode. = 1 o . o

The phosphorus treatment of the source and drain ele & 10-+ a-Si:H thickness (A):
trodes is a critical step in the TFT fabrication, as it =2 120
ensures ohmic contacts that are necessary to achie J {——200
high-performance devices. Indeed, TFTs fabricated using = 10'9'; 350
similar process, but without the phosphorus treatment, exhil & 3 —¥—700
ited poor electrical performances and severe current crowdir 2 10-10 - 1850
associated with high source and drain series resistances. S :O —+—2350
ondary ion mass spectrometry (SIMS) analysis of treated ITt 1
electrodes has shown the high selectivity of the phosphir 107" 3
treatment. After treatment, the concentration of phosphort ]
atoms on the ITO electrodes is more than a decade high .12
than the concentration of phosphorus atoms on the substr: E , ,
outside of the ITO electrodes. In addition, we have also use ] O S thickness Ay
X-ray photoelectron spectroscopy (XPS) to further investigat 1013 — T T T T T T
the effect of the phosphorus treatment and have found o 2 -1 0 1 2 3 4 3
that, most likely, there is formation of InP at the ITO treatec VGXCinS (10-7C/cm?)

surface. These results are consistent with analysis previously o o
erformed on similar samplés. Fig. 2. Transfer characterlstl(_:s measure_d in _Ilnear regM@g (=‘0.1 V)
P P for 10-um-long top-gate a-Si:H TFTs with different a-Si:H thicknesses.
) . The corresponding values of the subthreshold slope (normalized to the in-
2. a-Si:H TFT Analysis Methods sulator capacitance) are shown in the inset.

0.034 normalized S

(10-6C/cm?2dec)

0.024

0.024

0.01

We have plotted in Fig. 2 the top-gate a-Si:H TFT transfer
characteristics in linear regime in a normalized form so the*

. . 50

we can accurately compare samples with .d_lfferer)t _geomgtr V201V W/L=50um/I0um T=298K
parameters and/or different amorphous silicon nitride thick DS
nesses. First, in order to take into account the geometrical d | symbols: experimental results
pendence of the TFT clharacteristics, we used the normalizi ~ lines: fit to “FECim(W/L)(VG'VT)y
TFT conductance (i®~") instead of the TFT drain current: 9 a-Si:H thickness (A):

_ Ip 1) 9 100 . 120

VosW/L g e 200

where Vs is the drain voltageW and L the TFT channel =3 ] 350
width and length, respectively. = v 700

Then instead of the gate voltage, we used the electric a
charge induced by the gate voltage at the semiconductcZ 50
insulator interface (in C/cR): A

Qind = Ve x Cins (2)

whereCiys is the insulator capacitance per unit area.
The TFT normalized subthreshold slop&m was

1850

calculated for a fixed value of the TFT conductance 0+— T T T T T
(G =107°Q-1) and is given by: 0 1 2 3 4 5
X -7 2
dlog(lp)\ " dlog(lp)\ - VG, (1077C/em?)
Som= | —~— =Cins| ——— (3)
innd dVe Fig. 3. Transfer characteristics measured in linear regiviae = 0.1V)

In linear regime, i.e. for low drain voltage, the TFT ap- for 10-um-long top-gate a-Si:H TFTs with different a-Si:H thicknesses.
. ’ - ’ Symbols show experimental data and solid lines show linear fit to
parent field-effect mobility.re and threshold voltag®r or b o (Vo — Vi) Vos.
the normalized threshold voltagér x Ci,s have been de-
duced from the following equation, using the MOSFET grad-

ual channel approximation: ously been showA that the density-of-states (especially the

_ W conduction-band-tail states) present in the amorphous sili-
o = preCins - (Vo = V) Vos. @ Con band gap will modify thdp—Vg equation as follows:

In such a case, this equation predicts that, for lowp = ureCinsW/L (Vg — V1)¥ Vps, where the parameter is
Vps, a linearlp—Vg characteristic can be observed. How-associated with the density of a-Si:H conduction-band-tail
ever, Fig. 3 shows thalp—Vg characteristics of TFTs states. However, when using this expression, the unit of the
with a very thin or a very thick a-Si:H layer exhibit aterm wureCinsW/L is A/VY*1 (instead of A\? in the case of
non-linear behavior inconsistent with the predictions ofhe MOSFET-based equation) and consequently depends on
the MOSFET gradual channel equation. It has previhe value ofy. Therefore, to ensure proper comparison be-
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tween samples with different-values, the TFT field-effect 30

mobility and threshold voltage reported in this paper hav :
been extracted first using the usual MOSFET gradual chanr 254 i e, (Vo)
equation. Then, the complete equation describind th&/c
characteristic was used separately for the extraction of the I

| V| (=0.1V a-Si:H thickness=950A

N

rametery . 201 P N | v.=13
In addition, the TFT was measured in saturation regim & YT s | O

(for Vbs = Vgs), and the saturation field-effect mobility and =T S ,

threshold voltage were extracted from the transfer characte s A 16V,

istics using the following equation:

W 2 104 y-iniiercept:
Ip = MFECinsZ(VG - V)~ 5 -(O’R;S*'RD) 22V

The complete analysis of the TFT electrical performance
also involves the extraction of the TFT source and drain s¢
ries resistances, the intrinsic field-effect mobility and intrin-
sic threshold voltage. The intrinsic TFT parameters are rej
resentative of the electrical characteristics of the conductic
channel itself without the influence of the parasitic series re L (um)
sistances. They were extracted by the well-known transmiS'rg. 4. lllustration of the TLM used to extract the source/drain series re-
sion line method (TLMi)O) using a series of TFTs with differ-  sistances and the TFT intrinsic parameters from a series of TFTs with dif-

ent channel Iengths measured under a low source-drain V0|tjerent channel lengths. The total ON resistafgehas been plotted as a
function of the TFT channel length for different gate voltages. Shown in

age, so that we can neglect the Space charge limited Curren%e inset is the evolution of /t¢, with the TFT gate voltage. Symbols:

cross point: 37 28V
(-2AL,2R0)\\
0

T T T
0 20 40 60 80 100

(SCLC) effect. experimental results and solid lines: linear fits.
The total TFT ON resistance is
Vbs
Rr=—=rgpL+R 6 . :
T Ip ok + Rs+ Ro ©) ON-resistance can be written
whererg, is the channel resistance per channel length unit, R — Ybs _ o Ry L
and Rs and Rp are the source and drain series resistances, i Io s 1iCinsW (Ve — Vqi)
respectively. U_sing egs. (4) and (6_3), we can express the to- L +2AL
tal TFT ON resistanc&y as a function of the TFT apparent =2Ry + CreW (Ve — Vo)
field-effect mobility and threshold voltage. Hins TG = T

where AL is independent of the gate voltagBy represents
- L (7) the limit of the source and drain series resistance for a very
nreCinsW (Ve — V1) high gate voltage and can therefore be associated with the
The same equation applied to the ideal TFT (conductiosource and drain contact resistance, while is associated
channel) let us express the channel resistance as a functigith the resistance of the access region between the source
of the intrinsic field-effect mobility and threshold voltage and drain contacts and the conduction chafflehL and Ry
and Vy; which are representative of the conduction channelre usually extracted from ther versusL curves, as shown
material, without the influence of the series resistances:  in Fig. 4. All the Rr—L curves have a common cross-point lo-
1 cated slightly away from thg-axis!® which coordinates are
" wiCinsW(Vg — Vi)' ®) (x=-2aLy="2R).
. . . . The TFT series resistances are closely related to the overlap
The extraction of the TFT source and drain series resig.

¢ 4 intrinsic field-effect mobilit d threshold volt etween source (or drain) contact and gate contact. It has al-
ances and infnnsic neld-efiect mobility and thresno VO.'eady been shown that the TFT drain current does not usually

ages is rather straightforward _using a sgrie; of TFTs Wilow through the whole source or drain contact but is more
different channel Iengths. As |IIustratgd in Fig. 4, we f'rsﬁikely limited to a specific area of the contaét:d More pre-
plot the total ON-reS|stance as a function qf the TFT cha Sisely, we can define the TFT characteristic lendth)(rep-
.nell length for d_n‘ferem gate voltageg ensuring that the TF esenting the dimension (along the source-drain axis) of the
is in accumulation regime, then we fit the experimental dat ective contact area, as shown in Fig. 5; this characteris-

tq linear curves. This let us optaln the TFT total series ric length increases with the amorphous silicon thickness, the
sistances Rs + Rp) from the y-intercepts, and the channel , ;" | density-of-states, and the source and drain con-
resu;_tance per ghannel length urigs] fr_om the slopes. By tact resistance¥ The effective S/D series resistivityes (in
plotting the remprqcal Of asa “!”Ct_"’” of_the_gate volt- Q-cn¥) can be defined as the sum of the source (or drain)
age and, once again, determining its linear flt,xheterc_ept contact resistivity and the bulk resistivity associated with the
gives t.he.|nt.r|n§|c threshold vql_tag&i "’?”d.the slope yields access region between the contact and the conduction chan-
to the intrinsic field-effect mobility:; as indicated by eq. (8). nel1® which is detailed below. The effective S/D series re-

The effect of t.he series resistances can also be partially reg. ivity can be calculated from the S/D contact characteristic
resented as an increase of the apparent channel: the total IEngthL+:

Ry

ch

rcet = WLZrch. 9)
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Gate crowding yield a monotonous (decreasing) curve.

SiN 3. Resultsand Discussion

We can clearly notice in Figs. 2 and 6 the thickness de-
current flow pendence of the TFT ON-state parameters in linear regime.
When the thickness of the amorphous silicon layer increases,
we have observed the following changes:

i) Improvement of the subthreshold slope (inset Fig. 2)
Inactive | Active ii) Incr_ease of the_ apparent field-effect mobility for thin

) . a-Si:H layers (Fig. 6)
region : region iii) Reduction of the apparent field-effect mobility for thick
4_Lr,-—> a-Si:H layers (Fig. 6)
iv) Increase of the intrinsic field-effect mobility (for all the
a-Si:H thicknesses, Fig. 6)
v) Reduction of the threshold voltage (Fig. 6)
vi) Reduction of the coefficient (Fig. 7).

The S/D contact characteristic lengtby{ is a critical pa- The evolution.s. of_thg subthres_hold slope and the intrinsic
rameter for designing TFTs in display applications. It is cleafi€!d-effect mobility in linear regime suggest that the elec-
that, above thé t-value, the contact dimension (i.e. the overironic quality of the amorphous silicon (in terms of density-
lap between source or drain contact and gate contact) dddsStates) is improved, while the reduction of the TFT appar-
not have any influence on the parasitic series resistances 8t field-effect mobility observed in case of very thick a-Si:H

cause the current does not flow through the further part of tféms results most likely from a stronger influence of the par-
source or drain contact (inactive region shown in Fig. 5). ofsitic access resistances. The reduction of the threshold volt-

the contrary, belowLt, the whole contact is active regard-29€ is probably due to a weaker influence of the back inter-
ing to the current flow: the resistance is roughly proportiona{lfj‘ce when the amorphous SI_|ICO_n thlckr_less increases. The
to the reciprocal of the contact dimension. Therefore, an ifflécrease of the exponept with increasing a-Si:H thick-
crease of the contact dimension results in a reduction of tfi¢SS suggests a lower density of conduction-band-tail states
series resistances and an improvement of the TFT electridjSent in thicker a-Si:H films. As shown in Fig. 7, for
performances. However, we have to keep in mind that an i€y thick a-Si:H films and short TFT channel lengths, higher
crease of the overlap between source or drain contact and gg@é!rce/drain series resistances result in a low valye ak.
contact also yields to an increase of the TFT parasitic capa@Wer than 1. o _ _ -

itances that can degrade the display operation. Therefore, thelN€ results obtained in saturation regime exhibited the

S/D contact characteristic length has to be as small as possiBféne trend than the ones obtained in linear regime: the TFTs
for AMLCD applications. made from thicker a-Si:H films have better electrical perfor-

Regarding the resistivity of the a-Si:H access region, it hd8ances (higher field-effect mobility and lower threshold volt-
been shown that it is closely associated with the band pr§9€) than the thinner ones. This is consistent with the idea
file in the a-Si:H layer between the source (or drain) contaéhat the amorphous silicon quality is improved when the film
and the conduction chanA®land therefore depends stronglythickness INCreases. . ,
on both the a-Si:H thickness and the a-Si:H density-of-states. WWhen the a-Si:H thickness increases, we have also noticed
If the a-Si:H density-of-states were constant throughout tHbat the influence of the S/D series resistances on the TFT be-
electronic gap, the characteristic length of the band bendiftgvior becomes more significant. The evolution of the series
(potentials variations) would be the Debye lengi which resistivityr ces With the amorphous silicon thickness is shown

_____

a-Si:H

Source

Fig. 5. Definition of the characteristic lengthr at the source/drain con-
tacts.

can be simply approximated by the following equation: in.Fig. 8,_wh§re we can clearly obsgrve its lrapi.d increase for
thick a-Si:H films. In such cases (thick a-Si:H films), the se-
Lp = \/ 8a‘$‘1H (10) ries resistivityrcerr is most likely associated with the access

g2 x density of states region between the source (or drain) contact and the conduc-

whereq is the electron electric charge angls;.4 the amor- tion channel, the source and drain contact contributions being
phous silicon permittivity. less significant. For thin a-Si:H layers, the contribution of the

However, although the actual a-Si:H density-of-states i&ccess region becomes less significant. However, we can also
not constant throughout the electronic gap, the characterigetice highrceg-values for thin a-Si:H films, which could be
tic lengthLp defined by eq. (10) can still be used to describgelated to poorer source and drain contacts. However, further
gualitatively the influence of the a-Si:H thickness and densityavestigation is required to clearly identify the origin of the
of-states on the band profile. highrces-values extracted from TFTs using thin a-Si:H films.

The Ip—Vps characteristics and their derivatives can also The TFTs used for display applications have a-Si:H thick-
be used to evaluate qualitatively the effect of the source amgsses in the same rangelgsand the band bending depends
drain series resistances. By plotting the derivative of thetrongly on the a-Si:H thickness. The access region resis-
Io—Vpbs characteristics, we can visualize the existence of thévity therefore increases very rapidly with the a-Si:H thick-
crowding phenomenon that is associated with high source anéss (more than linear dependent®)s shown clearly in
drain series resistances. Crowding results in an increasefdgf). 8. Consistently, we can also notice the rapid increase of
thedlp/dVps curve for lowVps values while the absence of the characteristic lengthr with the amorphous silicon thick-
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Fig. 6. Variations of the TFT ON-state parameters in linear regime as a
function of the a-Si:H thickness. Solid symbols show apparent field-effedtig. 8. Influence of the a-Si:H thickness on the source and drain contacts
mobility and normalized threshold voltage for 1@r-long TFTs and open  resistivityrcerr and characteristic lengthr (extracted for a gate voltage of
symbols show intrinsic field-effect mobility and normalized threshold volt- 25 V).

age.
3 6._ 61 reesrextraced at V g-Vr=10V f
| V01V T=298K W=50um L (um): |
] =4
] —e—10 | 5
i a-Si:H 100 | /g
2 1 electronic quality . 3.
>~ i | ~ 4
5 ] |2 2
% _ ideal y=1 | ferr (Qem?)
& ] I
o
1
] ] N
] ' ] , : , .
] source/drain / ] 0 500 1000 1500 2000 2500
series resistances . . o
1 e — a-Si:H thickness (A)

0 500 1000 1500 2000 2500 . ) ) . .
. . o Fig. 9. Evolution of theAL-values extracted from Fig. 4 with the a-Si:H
a-Si:H thickness (A) thickness. Shown in the inset is the evolutiomdf -values with the effec-
tive series resistivity [extracted from eq. (9)].
Fig. 7. Exponent used to fit thelp—Vg characteristics shown in Fig. 3
to the equationp = wreCinsW/L (Vg — V7)¥ Vps, as a function of the

a-Si:H thickness for different channel lengths. . . . . .
influence of the access resistances in case of thicker a-Si:H

films.

These results indicate an inevitable degradation of the TFT
electrical performances for very thick a-Si:H layers.

In addition to TFTs, we have also measured top-gate
metal-insulator-semiconductor (MIS) capacitors. Figure 11

ness. Figure 9 shows the evolution At as a function of

the a-Si:H film thickness, very similar to the behavior of the

source/drain the series resistivityes. This is confirmed by

the inset plot ofAL versusrces, Showing a clear correlation ) )

between these two parameters, which are both associated WP s h|gh-_frequency (100kHz) ca}pac[tance—volta_@. eu()_

the TET source/drain series resistances. characteristics of MIS structures with different a-Si:H thick-
Figure 10 shows thelp—Vis characteristics and their "€SS€S The curves have been normalized by the insulator ca-

derivatives for different a-Si:H thicknesses. We can clearl acitance to allow for comparison between samples with dif-

erent amorphous silicon nitride thicknesses. We can clearly

notice in Fig. 10 the current crowding phenomenon increas-
notice a higher degree 6V stretch-out for the thinner sam-
ing with the a-Si:H film thickness, resulting from the strongepIes associated with a larger a-Si:H density-of-states. This



Jpn. J. Appl. Phys. Vol. 40 (2001) Pt. 1, No. 2A SANTIN et al. 535

15 1.2 O D B e e o e e e
W/L=50um/8um V(‘><C,m=5><10’7C/cm2

aSi:H thickness: g

—=—120A  —+—1850A 410 | ——400A
—e—350A 2350A g 10 _ %888%
101 ~ g 120
...... : 'S 4l |
. g % 10 -~
~~ o 2
"""" — =
< ) S E N
N— K (o2}
a a § 10°r g |
— > = £ 601
= 3 . 3
a )
=5 8 O 404
© 2 10°F -
< 0 1000 2000 3000
a-Si:H thickness (A)

' A A A B 1 L1
14 16 18 2 22 24 26 28 3
Photon energy (eV)

Fig. 12. Absorption coefficient as afunction of theincident photon energy,
for different aSi:H thicknesses. Shown in the inset is the evolution of the
Fig. 10. Ip—Vps (symbolstsolid lines) andilp/dVps—Vps (dotted lines) Urbach edge with the a-Si:H film thickness.
characteristics, for a gm-long top-gate a-Si:H TFT with different a-Si:H
thicknesses.

— B-value, the slope of the linear fit of +/« - hv versusthe
photon energy hv;
— Eqs, the energy corresponding to an absorption coeffi-
cient of 10*cm1;
------------- 47 — Urbach Edge, extracted from the slope of the semi-log
plot of the absorption versus photon energy curve.

We can notice in Table | a dlight increase of the Tauc
bandgap and the B-value with the aSi:H thickness. However,
the most significant change observed when the a-Si:H thick-
ness increases is a strong reduction of the Urbach edge (Ey),
as seen in theinset of Fig. 12. Thisis most likely associated

e

\O

[a)
L

] !
0.85 i
4 I

120 with an reduction of the a-Si:H band-tails density-of-states.

________________ A -=====1350 Such observation is in agreement with the photothermal de-

] 700 flection spectroscopy (PDS)'® and the electron spin reso-
0.80 1850 nance (ESR)!® measurements, which have indicated that a

higher deep-gap state density is expected for thinner a-Si:H
2350 films.

T T T T T T T 1 In order to supplement the experimental results presented
20 -10 0 10 20 30 40  above wehave performed numerical simulation of the a-Si:H
TFT behavior, using Semicad Device simulator,?? abidimen-

gate VOltage (V) sional simulation program that can describe the TFT behav-
Fig. 11. C-V characteristics measured for top-gate a-Si:H MIS structureldr. We used the following electronic density-of-states for
with different a-Si:H thicknesses. amorphous silicon: two exponential distributions of band-tail
states and two gaussian distributions of monovalent deep-gap
states.?) This program was used to fit the experimental
observation supports the idea that a-Si:H electronic quality i$—\Vps characteristics for different a-Si:H thicknesses, as
improved for thicker a-Si:H films. shown in Fig. 13. The value of the S/D contact resistance had
We have also analyzed the amorphous silicon internal eleiseen set at 0.2 Q-cm?, but had to be adjusted (to 0.5 ©2-cm?)
tronic structure by using optical transmission measuremeriisthe case of very thick a-Si:H layers: this was needed most
of unpatterned a-Si:H films. Because we were investigatirigkely because the simulation program was not able to take
thin films, we had to use specific measurement method tato account the strong influence of the a-Si:H channel access
avoid interference fringes that would perturb the spet®ra. region on the S/D series resistances.
We used a method developed by one of the authdmshich Figure 14 shows the evolution of the values of the
utilizes the fact that, at Brewster incidence, thpolarized conduction-band-tail characteristic energy and deep-gap
light undergoes no reflection at the air/film interface. The folelensity-of-states needed to fit the experimental 1p—Vps curves
lowing parameters were extracted from the curves plotted for different a-Si:H thicknesses. We can clearly notice that the
Fig. 12 and are summarized in Table I. amorphous silicon density-of-states (band tail and deep gap)
— Tauc band gap energ¥raue given by thex-intercept of  decreases significantly with increasing a-Si:H thickness. This
the linear fit of v« - hv versus the photon enerdpy; also suggests that the quality of the a-Si:H films in terms of

normalized capacitance C/C,

0.75
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Table |. Parameters extracted from the absorption curves for different a-Si:H thicknesses.
aSi:H Urbach edge Eg
~1/2 om—1/2
thickness (A) Etaic (eV) B (evV cm—+9) Eos (eV) (mev)

400 1.69 735 1.85 %4

1000 1.70 740 1.87 70

2000 1.82 840 191 55

3000 1.82 890 1.88 37
15 7 1018

W/L=50unv8um Symbols: experimental a-Si:H TFT simulation results 7

V xXC =5x%10-7C/cm2 Solid lines: simulation
]l G ins

a-Si:H thickness:

od *® 12012«
o 350A
950A

1350A

0 5 10 15 20

Fig. 13. Example of simulated (solid curves) and experimental (symbols)
Ip—Vps characteristics of 8-um-long aSi:H TFTs with different aSi:H
thicknesses.

density-of-states isimproved for thicker films.

4. Optimum Amorphous Silicon Thickness

Aswe explained before, the increase of the amorphous sili-
con thicknessfirst resultsin an improvement of the TFT elec-
trical performances, due to a better material electronic qual-
ity; then, for thicker a-Si:H layers, the access resistances be-
come more and more influent and degrade the TFT electrical
performances. Thus, it is necessary to find a compromise re-
garding the amorphous silicon thickness, which would ensure
both a high quality of the material and acceptable values of
the parasitic source and drain access resistances. Wedefine an
optimum amorphous silicon thickness by the one that results
in the highest apparent field-effect mobility (Fig. 15), which
depends on the electronic quality of the material and on the
TFT source and drain series resistances. Similarly, an opti-
mum value of the aSi:H thickness can also be defined from
the evolution of the TFT field-effect activation energy (Eg) as
afunction of the film thickness. It iswell established that E,
depends on both the a-Si:H electronic quality and the source
and drain series resistances (Fig. 16). We have not observed
any notable effect of the aSi:H film thickness on the TFT
OFF current in the dark, as shown in Fig. 2. In addition, the
TFT structure that we are using includes a light shield at the
bottom of the device. The TFTs are consequently not signif-
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Fig. 14. Vaues of the conduction band-tail characteristic energy and
deep-gap density-of-states used to fit the experimenta |p—Vps character-
istics (Fig. 13) asafunction of the a-Si:H thickness.

icantly sensitive to light and the amorphous silicon thickness
effect on the TFT OFF current can therefore be neglected.
We consequently think that the optimum thickness for uti-
lization of the TFT in AMLCDs can be determined from the
field-effect mobility or field-effect activation energy. We can
see from Figs. 15 and 16 that the TFT field-effect mobility
and field-effect activation energy are optimized for concor-
dant values of the a-Si:H thicknesses.

Also, we can notice in Figs. 15 and 16, the clear depen-
dence of the optimum aSi:H thickness with the TFT chan-
nel length, connected to the stronger influence of the source
and drain series resistances on shorter channel TFTs. Con-
sequently, in comparison with the long-channel TFTs, the
degradation of short-channel TFT electrical performances
withincreasing aSi:H thickness clearly appearsfor thinner a
Si:H layers. Typicaly, for the devices that we measured, the
optimum thickness for a 100 um-long TFT is above 1000A,
while the apparent field-effect mobility of a10 um-long TFT
starts degrading for a-Si:H films thicker than 500 A. The op-
timized a-Si:H thickness for short channel TFTs such as the
ones used in AMLCDs is below 500 A, which is comparable
to the a-Si:H thickness used for bottom-gate trilayer TFTS,
but significantly smaller than the typical amorphous silicon
thickness of back-channel etched TFTs.
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5. Conclusion

In this paper, we have investigated the influence of the
a-Si:H thickness on top-gate a-Si:H TFTs electrical perfor-

S. MARTIN et al. 537

mances. When the silicon thickness increases, the main
changes are an improvement of the a-Si:H electronic qual-
ity and, especially for thick films, a stronger influence of
the S/ID series resistances. We have demonstrated that for a
given TFT geometry it istherefore possible to define an opti-
mum aSi:H thickness ensuring maximum TFT electrical per-
formances and that this optimum thickness increases signifi-
cantly with the TFT channel length.

These observations are essential for the future devel opment
of large-area high-resolution AMLCDs that will require very
short-channel TFTs. Our results have shown that, for such de-
vices, the optimization of the electronic quality of thin amor-
phous silicon films is critical to achieve a-Si:H TFTs with
high electrical performances.
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