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Integrated Amorphous and Polycrystalline Silicon
Thin-Film Transistors in a Single Silicon Layer
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~ Abstract—Using a masked hydrogen plasma treatment to spa- processing is involved. Second, one would like to deposit only a
tially control the crystallization of amorphous silicon to polycrys-  single Si layer instead of twa{Si : H and poly-Si) to save cost.
talline silicon in desired areas, amorphous and polycrystalline sil- Third, the structure and fabrication sequenceSi: H TFTs

icon thin-film transistors (TFTs) with good performance have been . . .
integrated in a single film of silicon without laser processing. Both 2Nd Poly-Si TFTs are quite different (e.g., bottom gate versus

transistors are top gate and shared all process steps. The polycrys- tOp gate process), so that few process steps can be shared.
talline silicon transistors have an electron mobility in the linear Various techniques have been tried to integra®i: H and
regime of ~ 15 cn?/Vs, the amorphous silicon transistors have a poly-Si TFTs on the same substrate. One method is excimer
linear mobility of ~ 0.7 cn?/Vs and both have an ON/OFF cUr- 5501 annealing to crystallize the chemical vapor deposited

rent ratios of > 10°. Rehydrogenation of amorphous silicon after . ; - .
the 600°C crystallization anneal using another hydrogen plasma is (CVD) deposited a-Si selectively and fabricate bottom gate

the critical process step for the amorphous silicon transistor per- transistors in both the amorphous and polycrystalline regions
formance. The rehydrogenation power, time, and reactor history [7]-[9]. Another method uses crystallization of a thin (20 nm)

are the crucial details that are discussed in this paper. a-Si:H layer deposited by plasma-enhanced CVD (PECVD)
Index Terms—Crystallization, hydrogen, hydrogen plasma, sil- using Ar and XeCl (300 mJ/cf), and subsequent deposition
icon, thin-film transistors (TFTs). of a thick (200 nm)a-Si:H layer and patterning the-Si: H

to realize staggered layers of poly-Si anéebi: H. Top gate
TFTs were then fabricated in the two regions [10]. Both of
these methods involve laser processing, which has relatively
F OR large area electronics, there has been consideraplf throughput and also can lead to variable film quality due
interest to integrate both amorphous silicanSi:H) o variations in laser beam power and width. Also, the latter
thin-film transistors (TFTs), for low leakage in the OFF statgnethod involves fabrication of TFTs in staggered layers, i.e.,
and polycrystalline silicon (poly-Si, polysilicon) TFTs, forihe transistors are not in a single silicon layer.
high drive currents, on the same substrate. This might be dongn this paper, a method is presented for integratirgi : H
to integrate polysilicon drivers in flat panel displays usingng poly-Si transistors together starting with a single Si layer.
a-Si:HTFTsin pixels. This paper describes the use of selectiy@e approach shares all fabrication steps between the two tran-
crystallization using hydrogen plasma treatment.@8i:H to  gjstors, except for the one initial step, which defines the regions
achieve this aim. Exposure afSi: H to atomic hydrogen can (o pe selectively crystallized. The fabrication involves no laser
reduce its crystallization time [1]-{4]. Specifically, we reporteghocessing. The work is based on our earlier work on the crys-
earlier that a room temperature hydrogen plasma exposurggflization of amorphous silicon in selected areas to crystallize

a parallel plate diode type reactive ion etcher (RIE) reducggicon using a patterned hydrogen plasma exposure [1], [2]. In
the crystallization time ofi-Si:H by a factor of 5 compared thjs process, we have two key steps:

to the untreated film [1]. This plasma-enhanced crystallization
can also be spatially controlled by masking with patterned
silicon oxide or silicon nitride, so that both amorphous and
polycrystalline areas can be realized simultaneously at desire
locations [1], [5].

Integration ofa-Si: H and poly-Si TFTs is traditionally diffi-
cult for three reasons. First, the conventioadi: H TFT fab-
rication process is a low-temperature process360 °C) [6],
while the poly-Si TFT fabrication requires a 500-600D crys-
tallization anneal to form the polycrystalline layer, if no las

I. INTRODUCTION

1) Selective hydrogen plasma-enhanced crystallization
using a SiN cap layer on the:-Si: H region to locally
prevent the hydrogen-plasma-induced nucleation.

d2) Rehydrogenation of the amorphous region after the
600°C anneal to obtain device qualitSi: H.

We have previously reported this basic approach and the ma-

terial properties of the rehydrogenated amorphous silicon films

[11]. In this paper, we present the details of the optimization of

etpe device processing conditions to obtain optimum integrated
amorphous and polycrystalline silicon transistor performance.
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hydrogen plasma treatment to seed the subsequent crystalliza- TABLE |

; B f MATERIAL CHARACTERISTICS OF THEa-Si: H FLMS DEPOSITED AT150°C,
tion, patterned layer of Sif was deposited to locally mask the AFTER DEPOSITION AFTER 600 °C ANNEAL WITH SiN,, CAP ON, AND AFTER

seeding. SiN was used as the masking layer instead of5SiO RerybrocENATION AT 350° C FOR 75 MiN. AT RF FOWER OF0.2 Wicn?
in our earlier work [1], [2] and the reasons will be discussed in
detail in the next section. The SjNvas deposited by PECVD  Material Properties | a-Si as-deposited [ 4-Si:H after 4 h anneal | -Si-H after optimal

at 200°C using 5 sccm of Sild 50 scem of NH and 220 scem  warfgogm somer T3 AG0C Oth cap) _ rehydrogenacion
H at. %

of Hy, at a pressure of 66 Pa, and an rf power density of 0.0 I(\/Itidga)p Semsiy of T #x10° 6x10™

Wi/cn? [12]. The SiN, was then patterned by lithography and states (cm™)

etched with dilute (1:10) hydrofluoric acid. The subsequent r foene £ e o2 e 555

plasma exposure was done in a parallel plate RIE at room ter activation energy (V)
perature with hydrogen at an rf power density of 0.8 Wicm
pressure of 6.6 Pa and exposure time-060 min. The rf fre-
guency was 13.56 MHz. The sample was placed on a 125 m
Si wafer during the exposure to minimize aluminum contami
nation due to aluminum sputtered from the electrode onto th
sample surface [2]. All samples were annealed in a furnace
600°C in N; for 3-5 h with the Si capping selected-Si: H
regions so that hydrogen outdiffusion from the amorphous re
gions is minimized. UV reflectance was done on all samples t
monitor the crystallization process. Based on earlier work [13]
the saturation of growth of the reflectance peak at 276 nm i
used as an indication of complete crystallization of the sample

The 3-5 h anneal at 60 is sufficient to convert the areas
previously exposed to hydrogen plasma to polycrystalline sil
icon, while the areas under silicon nitride remained amorphou

Even though the amorphous regions were capped with SiN
during the crystallization anneal, hydrogen content in the filrr
fell to ~ 0.3 at. % from~ 15 at. % (as measured by integrated
infrared absorption at 630 crﬁ) in the original as-grown film Fig._ 1. Schemati(_: of the process flow of fab_rication of top-ge_ite integra_ted
[11], [14]. This results in many unpassivated dangling bonds iﬂilc:tﬂr:nd poly-Si TFTs on glass substrate with the cross section of the final
the a-Si, so that the resulting film was of poor device quality.

The electron field-effect mobility in TFTs with no rehydrogenab2 plasma at an RF power of 0.08 W/&rand pressure of 13 Pa

tion was only 0.02 crifVs (sample 1, Table II). RehydrogenaEFig' 1(b)]. During the etching step, laser interferometry is used

1737 glass substrate { 1737 glass substrate

1737 glass substrate 1737 glass substrate

tion of the film is therefore essential to improve the TFT pe 0 detect end-point and accurately determine the thickness of

formance. This was done by exposing the sample to a hydro RO . ) . .
e layer etched. The sample was then rinsed first with sulfuric
plasma at rf power of 0.2 W/ciand substrate temperature 03acid and hydrogen peroxide solution and then dilute hydroflu-

350°C and chamber pressure of 133 Pader5 min. Further oric (HF) acid to clean the surface. This may help to smooth

details on the effect of the rehydrogenation on the material Ch%é surface, which will become the channel, due to the chemical

acteristics of the amorphous silicon such as infrared absorpt@t%hing that occurs.

and defect densities has already been reported [11].Tab|e|surr1|-_he gate dielectric, 130-180 nm of SiMr SiO;, was then

marizes the effect of rehydrogenation on the material CharaCtSE'posited by PECVD at a substrate temperature of about@50

|st1|c_:§ of the am?lrphcf)ust?I|<EranTf|]lmbs.' tion is sh i i [Fig. 1(c)]. Contact holes were then made to the source and
€ process tlow for the abrication 1S SNRown in Fig. Ly 5y regions by etching in dilute HF and aluminum was evapo-
The process is not self-aligned, and is similar to the inverte

ited and patterned to form the gate, and source and drain con-

staggered process typically used foiSi: H TFTs in active- tacts [Fig. 1(d)]. The samples were then annealed atZ28
matrix-liquid-crystal displays. Both the transistors are tOp'gaFSrming gas to reduce contact resistance
(which is unusual fot-Si: H TFTs), and share all process steps. '

The lithography mask used to pattern the nitride layer to mask

the seeding plasma is the only difference between the two de-

vices. Fabrication of the integrated TFTs required the careful opti-
After the rehydrogenation step;50 nm of nt microcrys- Mization of many parameters. The three most important param-

talline (xc-Si: H) silicon was deposited by PECVD using $jH €ters were the following.

H, and PH, at a pressure of 120 Pa, rf power-00.3 W/cn?, 1) Deposition temperature of the original PECVESI : H,

lll. CRITICAL PROCESSPARAMETERS

and at a substrate temperature of 3&J15] [Fig. 1(a)]. Device which determines the selective crystallization window.
islands were then defined by dry etching in as%d CCLF, 2) Type of capping layer used during selective plasma expo-
plasma at an rf power 0f£.0.3 W/cn? and pressure of 13 Pa. sure and subsequent selective crystallization.

Future channel regions were defined by dry etching just the n 3) Rehydrogenation condition, which is necessary to realize
i1c-Si:H layer in a separate etching step using a-s€E¢kand device qualitya-Si after the high temperature anneal.
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TABLE I
TFT CHARACTERISTICS FORSEVERAL COMBINATIONS OF PROCESSINGCONDITIONS. THE OPTIMUM CONDITION |S HIGHLIGHTED. THE STANDARD PROCESSFLOW
SHOWN IN FIG. 1 WAS USED FORFABRICATION OF THE TRANSISTORS Iorr IS DEFINED AS THEMINIMUM CURRENT FOR ANY Vs AT Vps = 10V, AND THE
Ion/Iorr RATIO IS CALCULATED WITH ABOVE Iorr AND Jox AT Vg = 20 V AND Vpg = 10V

S. Growth | a- Cryst. Rehydrogen | Gate a-Si:H TFTs Poly-Si TFTs
No | temp. Si:H | Temp/time | ation Dielec.

§®) (nm) RF [ Exp. | (nm) " Vm | S ON/ | Ioff " Vm | S ON/ -

(W) | (min) em’Vs | (V) | Videc | OFF | (fA/um) | em*Vs | (V) | V/dec | OFF
1 150 150 | 600°C/4h |0 [0 SiN/ 170 002 |6 2 5x10° | 8 7 33 |13 5x10°
2 |25 150 | 600°C/5h [ 45 | 60 SiNJ 170 [001 [15 12 10° 50 3 14 |11 2x10°
3 150 150 | 600°C/4h | 45 | 60 SiN/ 170 | 024 |42 111 4x10° | 30 9 1.5 |12 <10’
4 150 150 | 600°C/4h | 20 | 60 SiN/ 170 [ 003 |5 1.3 10° 4 6 3 1.5 2x10°
5 [1s50 150 | 600°C/4h | 90 | 60 SiN/170 [ 0.02 |3 1.3 10° 5 8 1 1 3x10°
6 150 150 | 600°C/4h |45 | 30 Si0/170 (005 |5 1.3 4x10° | 5 12 1.5 |12 3x10°
7 150 150 | 600°C/4h |45 | 60 Si0,/ 130 | 0.5 5 1 5x10° | 100 14 1 1 10°
8 150 150 | 600°C/4h |45 |75 Si0,/ 180 | 0.8 5 1 10° 10 15 2 1 2x10°
9 150 150 | 600°C/4h | 45 | 90 Si0y/ 120 | 0.1 1 0.7 4x10* | 40 14 0 2 2x10°
10 | 150 75 |600°C/5h |20 |60 SiNy/ 170 | 001 |5 1.2 8x10* | 3 1 4 1.2 2x10°
11 | 150 300 |600°C/4h |45 |75 Si0,/ 180 | 0.6 6 095 | 5x10° | 50 12 1 1.2 10°
12 | 150 150 | 625°C/1h [ 45 |60 Si0y/ 130 | 0.7 4 1 10° 100 8 0 0.9 5x10°
13 | 150 150 | 625°C/1h |45 |75 Si0y/ 130 |12 6 |04 10 1 9 1 1 2x10°
In addition to optimizing the above process parameters, we al 16°

evaluated the impact of thickness of origima$i: H film, tem- Hydrogenate (45 W, 60 min)
perature of crystallization anneal, type of gate dielectric ar 10°] W/L=200um/50um,

post metal hydrogenation. We will refer to sample numbers 1074 o~ 1700m

Table Il in the following discussion.

A. Deposition Temperature of Amorphous Silicon 10°

Selective crystallization is crucial to integration of the _8 4y #
a-Si:H and poly-Si TFTs. This requires a window betweel »
the crystallization times of the seeded regions to that for tt 10
covered untreated regions. Maximizing this window helps i 1024
improving the quality of the-Si:H TFTs. In our earlier work
we found that the growth temperature &fSi: H impacts the
crystallization time of the untreatedSi: H films, while crys- 10™1
tallization time of the hydrogen-plasma-treated films (seede ’
regions) showed no dependence on the growth temperature
thea-Sl.. H _fllmS [2] Films deposited at 1.5% had the largest Fig. 2. Subthreshold characteristicsse8i: H TFTs for two different growth
crystallization widow of> 14 h at 600°C, compared to~ temperatures of the-Si: H precursor film (samples 2 and 3 of Table I1); 150
8 h at 600°C for the 250°C films. Thea-Si:H TFTs show yielded improvedioy and bettefo/Iorr.
improved performance when theSi: H films are deposited at

150°C (sample 3) instead of 25@ (sample 2), as can be seeRgainst hydrogen outdiffusion during the high temperatare (
in Fig. 2. Possibly the more porous structure of th&i:H gopeC) anneal when the exposed regions crystallize. Silicon ni-
deposited at 150C facilitates rehydr(_)genation, and thereforgiqe is far superior in these respects to SiThe normal Sil
produces TFTs withy,, of 0.24 cn?/Vs instead of 0.01 c#Vs growth temperature is 300°C or higher, which alters the char-
for the 250°C film. The large difference in mobilities might 5cteristics of the as-depositeesi : H film grown at 15¢°C and
also be due to larger contact resistance in case of sample 1. qquces its crystallization time from 20 h4012 h at 600°C.
In addition, the poly-Si field-effect mobility was also highefrpig might be because the hydrogen in t&i:H begins to
for the 150°C sample compared to the 250 sample, 9 cVs ot diffuse at a few degrees above the growth temperature [17].
instead of 3 crivVs. The higher hydrogen content for the T%D Therefore, the Sil deposition recipe was changed to 2D,
sample [2] facilitates nucleation and growth of larger graing,q hydrogen dilution was used during Silrowth to reduce
[16], which in turn led to the higher electron field-effect moyhe hydrogen content in the SjNilm and make the film denser
bility (11,,) for the poly-Si TFTs. All the TFTs in this case haC{lZ] and hence a better diffusion barrier.
SiN, as the gate dielectric. The SiN, is also better than SiCn another respect. Regions
of a-Si:H film covered by the nitride film crystallize slower
than those in which the nitride has been removed. The, SiN
The capping layer must provide a barrier against the hydrogeas a larger lattice constant than th&i: H and is deposited at
plasma during seeding, and also serve as a diffusion barfégher temperature than theSi: H film (200 versus 150C).

a-Si:H deposited at 150°C
a-Si:H deposited at 250°C

107

B. Capping Layer for Selective Crystallization
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This results in tensile stress in the thirSi: H films, which
inhibits nucleation during the subsequent crystallization, anneal 04 ST T after 600G |
[18]-[20]. This helps the regions covered by the nitride remain Za; die,ecjni inSiM annee
amorphous during the high temperature annealing, thereby
increasing the selective crystallization window. All samples
shown in Table | had SilN capping layer on the amorphous
regions during the selective crystallization anneal.

0.34 Re-hydrogenation: 60 min, 350°C

0.2

C. Rehydrogenation Condition 014

Field-effect Mobility (cm?/Vs)

Though SiN. is used as a capping layer during the crys-
tallization process, extensive hydrogen outdiffusion still does oog’/
occur [11], [14]. The TFTs fabricated i+Si directly after the 00 01 02 . 03 04
crystallization anneal, without any rehydrogenation (sample 1), RF Power Density (W/cm')
have poor mobilities of- 0.02 cn?/Vs, while the poly-Si TFTs (a)
have mobilities of- 7 cn?/Vs. Rehydrogenation is therefore re- 1o R
quired to passivate the dangling bonds in the amorphous regior a-Si:H TFTs after 600°C anneal
and thereby improve the electrical characteristics of the film. Gate dielectric is SO, ]
But rehydrogenation is a double-edged sword, as the hydroger "| Re-hydrogenafion: 0.2 Wiem”, 35¢'C | \oroe |
radicals abstract hydrogen from theSi : H layer and even etch
the amorphous silicon layer by inserting in Si—Si bonds and cre-
ating volatile SiH, [21]. Therefore, the hydrogen plasma param-
eters, primarily the RF power and exposure time, have to be ad-
justed just right, so that the film is sufficiently hydrogenated but
not etched. The rehydrogenation is done at low rf power and that
the substrate temperature is raised to accelerate the hydroge
diffusion into the bulk of the film.

The original hydrogen plasma treatment to seed the crystal- 0 10 20 30 40 50 60 70 80 90 100
lization before the 600C anneal actually resulted in removal Re-hydrogenation time (min)
of hydrogen from the surface of theSi: H film [2]. The hy- (b)
drogen passivation plasma discussed here, which results in hy:
drogen being added to theSi to passivate the dangling bonds,
is fundamentally different, in that the pressure is higher and thig. 3. Field effect mobility of thea-Si:H transistors for different
rf power density is lower, so that the dc self-bias during rehydr@hydrogenaﬁon conditions (a) as a function of rf power (samples 3, 4, and 5)
genation is~ 30 V. The estimated ion energy (from dc self-bias?nd (b) as a function of exposure time (samples 6, 7, 8, and 9 of Table II).
is ~ 30 eV during the rehydrogenation versu$00 eV during
the hydrogen-plasma-seeding treatment. The optimum conglieferentially etched and the sampksSi: H is not etched. The
tion for rehydrogenation was found to be a hydrogen plasnrdammy coat also helps in conditioning the chamber and making
at rf power density of 0.2 W/ch chamber pressure of 133 Pathe process invariant to previous history of the chamber. The
H, flow of 50 sccm, substrate temperature of 380 and ex- etching effect of the hydrogen plasma was most severe when
posure time of~ 75 min. The effect of rehydrogenation on thehe rehydrogenation was done after the active islands were pat-
materials properties of the anneate®i: H films has been dis- terned, which reduces the effective area ofdt&i film exposed
cussed elsewhere [11]. to the plasma (loading effect).

For proper hydrogenation, the chamber walls and the elec+Fig. 3(a) shows the effect of rf power (samples 3, 4, and 5) and
trodes must be properly prepared prior to the rehydrogenatibig. 3(b) illustrates the effect of plasma exposure time (samples
step. Immediately before rehydrogenation, it was necessaryéto/, 8, and 9) onu,, andIon/Ilorr Of thea-Si:H TFTs, re-
deposita-Si: H on dummy glass slides using the same sammpectively. Increasing the rehydrogenation time beyond 75 min
holder as the one to be used for the actual rehydrogenationled to significant etching of the-Si : H film. When the exposure
coat the chamber walls and the sample holder w8i : H film.  time was increased to 90 min from 75 min, the hydrogen content
This was done to minimize etching atSi: H film during the of the film fell (Fig. 4) from 4.4 at. % te-3 at. % (as measured
subsequent rehydrogenation step. During the rehydrogenatigniR absorption at 630 cmt) with a corresponding reduction
step, thez-Si: H film deposited on the walls and the electrodem field-effect mobility of thea-Si: H TFTs [Fig. 3(b)]. High rf
is also etched and thereby the etching of the samy8e: Hfilm  power densitiesx 0.2 W/cn?) led to etching in spite of all the
is minimal (loading effect). This dummy coat@{Si: H mustbe chamber preparation. When the rf power was too low, the hydro-
done at low temperatures:(50°C), as the etch rate @fSi: H genation was not efficient, leading to poor field-effect mobility
during the hydrogen plasma exposure increases if the grovidh the a-Si:H TFTs.
temperature of the-Si: H is lowered and this ensures that the The poly-Si TFT characteristics were essentially unchanged
dummy a-Si: H film on the chamber walls and electrodes ias rehydrogenation was not a critical step for them. Any change

'IAI'I':1OS

<
o

Field-effect mobllity em7/Vs)

3
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Fig. 6. Besta-Si:H TFT subthreshold characteristics for crystallization
anneal at 625 C and rehydrogenation at 0.2 W/érfor 75 min (sample 13,
Fig. 4. Net hydrogen content as estimated from the integrated IR absorptiable II).
near 630 crmrt in the«-Si: H films after rehydrogenation for various exposure
times. The hydrogen plasma conditions were: rf power density of 0.2 ¥/cm
pressure of 133 Pa, and hydrogen flow rate of 50 sccm. The growth temperatt

of the initial «-Si:H film was 150°C, deposited on SigJSi substrate for . Integrated a-Si and poly-Si TFTs on
infrared absorption measurement. 10 \7379lass
10°
Poly-Si TFT characteristics 1 O-G
50 1 0-7
‘3‘ 45
3 w ~ 10°
2 < .
.g 35 2 10°
5 g N - 10
g g2 10
o
g, g 20 Leakage Current 1 0'11
E 15 | Optimum thickness 10 gy W/L=200pum/50pm
g o o % t,, =180 nm
& 13 ] 1Oy
°© s "/—— ----- - Field effect mobility ————ra | 107 d U T T T T T T T T T 1
0 = . . ‘ , -10 -5 0 5 10 15 20
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Film thickness (nm) VGS (V)

Fig. 5. Field-effect mobility and leakage current in poly-Si TFTs for variougga;ofstﬁgﬂ;':nsq:?gi Fna;?gtcirggﬁsﬂm O(fr:mg:'gﬁﬁr']:ngigg Z(I)zlié-ssgl—gs-:rt?ate
initial «-Si: H film thickness (samples 4 and 10, 7 and 11, Table II). (sample 7). Poly-Si by crystallization a£Si: H at 600°C in N, .

observed in the poly-Si performance when only the rehydrg-g;. 1y TETs after a high temperature anneal, when the rehy-
genation conditions were changed (Table I1) probably is due fp,genation time was increased to 75 min (sample 13) from the
a variation in the percentage of crystallinity of the film after thgg min (sample 12). However, the field-effect mobilities of the
4 h anneal at 600C. poly-Si TFTs decreased from 15 éf's to 9 cn¥/Vs for sam-
ples 8 and 13, respectively. The optimization of both poly-Siand
a-Si: H TFTs will require more experiments with time-temper-
The OFF currentslprr) of the poly-Siandi-Si: H TFTsre- ature programs for the crystallization anneal.
duced as the thickness the initiaiSi: H layer is reduced from  Traditionallya-Si: H TFTs have been fabricated with bottom
300 nm to 75 nm (Fig. 5). However, the mobility of the trangates and Silgate dielectric to obtain the lowest interface state
sistors also degraded for the thinner samples and 150 nm wlassity. This led to improved,, and highedox/Iorr [6]. But
found to be the optimum thickness (samples 3, 10, and 11). poly-Si TFTs are fabricated usually with top gates and-SiO
When the annealing temperature was increased to°@25 as the gate dielectric [22]. Hence, a tradeoff is required. We
from 600°C, a-Si:H TFTs mobility increased to 0.7 é&fvs compared Silj and SiQ as the gate dielectric in the top gate
from 0.5 cn/Vs for samples 12 and 7, respectively, withoutonfiguration for both the-Si: H and the poly-Si TFTs. With
change inlorr. In fact, the higher temperature anneal led t8i0; as the gate dielectric, deposited at 250 by PECVD,
better performance-Si: H TFTs with field-effect mobility as from SiH; and N;O, and at rf power density ef 0.1 W/cn?,
high as 1.2 criVs (Fig. 6), which is the highest reported forthe poly-Si TFTs hag., of ~ 14 cn?/Vs (sample 8). On the

D. Impact of Other Process Conditions
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other hand, TFTs with SiNas the gate dielectric, depositedvere required such as, 600C anneal instead of 625C
at 300°C by PECVD, using Sitl, H, and NH;, and at a rf anneal, Si@ instead of SiN as the gate dielectric, and the
power of ~ 0.09 W/cn? had p,, of ~ 9 cn?/Vs (sample 3). use of nonself-aligned process with deposited sc-Si:H
Although the SiQ/a-Si: H interface state densities are highefor source/drain contacts instead of self-aligned process with
than that of the Sil/a-Si : H interface [23], the leakage currentson-implanted source/drain contacts. The optimum conditions
were not significantly increased when Si®as used as the gatefor the fabrication of the integrated poly-Si aneSi: H TFTs
dielectric instead of Sil for the a-Si:H TFTs. But, theloy  after selective crystallization by annealing at 6@ are those
and hence:,, were also higher (0.5-1 cifVs compared te~ given for sample 8 in Table Il. The,, in the linear regime
0.2 cn?/Vs) with Iopr Of only ~ 10-50 fAjum, when SiQ were~ 0.7 and 15 cr®¥Vs for thea-Si:H and poly-Si TFTs,
was the gate dielectric instead of SiNTherefore, overall we respectively, with Si@ as the gate dielectridorr of a-Si:H
found SiG to be superior gate dielectric for the fabrication of FT is~ 10 fA/m andlpy of the poly-Si TFT is~ 1 A/ um,
integrated poly-Si and-Si:H TFTs. with Iox/Iorr Of both types of deviceg 10° (Fig. 7). These

All the transistors were annealed in forming gas (10%esults compare favorably with work on integratingSi: H
Hs, in N») to reduce the contact resistance between the mand poly-Si TFTs by laser processing, which resulted in a-Si
pc-Si:H source and drain layers and the aluminum prior f6FTs with z,, of ~ 0.9 cn?/Vs and poly-Si TFTs withy,, of
current—voltage 1-V') measurement. In some cases, for the 20 cn?/Vs [9]. Theser-Si:H TFTs also compare favorably
a-Si:H TFTs without optimized rehydrogenation after thevith conventional inverted-staggered TFTs, which hayge
selective crystallization, a hydrogenation using a rf hydroged ~ 1 cn?/Vs and Iox/Iorr ~ 107 [6]. A typical result
plasma at rf power of 0.6 W/ctrand exposure time of 60 min for top-gatea-Si:H TFT with SiN, as the gate dielectric, is
reducedlopr from ~ 250 fA/um to ~ 30 fA/um. But there field-effect mobility of ~ 0.4 cn?/Vs and ON/OFF current
was no change ip,, of either the poly-Si or the-Si:H TFTs ratio of ~ 10° [25].
(sample 3). This step however, did not lead to such drastic
reduction inlopr of sample 8, which was re-hydrogenated V. CONCLUSION
under the optimized conditions as discussed in previously. TheA

T . ; . masked exposure to a rf hydrogen plasma can be used
implication is that post metal hydrogenation step is essenatﬁl

spatially control the subsequent crystallization:e®i : H to
oly-Si, resulting in polycrystalline silicon and amorphous sil-
icon areas on the same substrate. The selective crystallization
effect has been used to fabricate TFTs in both the poly-Si and
IV. OPTIMIZED TFT RESULTS a-Si:H regions in a single layer of silicon for the first time
o with no laser processing. Careful control of the rehydrogenation
A complete optimization of all process parameters was n@focess achieved high field-effect mobility in the amorphous sil-
possible, but this section describes our best results to date ofiths, after the 600 C-crystallization process. Optimized tran-

a-Si:H TFTs alone, poly-Si TFTs alone, and their integrationsjstor fabrication produced good TFT characteristics for both
The best performance @fSi:H TFTs in this process flow he poly-Si andi-Si: H TFTs.

was achieved when the selective crystallization anneal was done

at 525°C inste_ad pf the usual GOTI: This process yielded APPENDIX

a-Si: H TFTs with field-effect mobilities as high as 1.2 &ids EXTRACTION OF ELECTRICAL PARAMETERS

with ON/OFF current ratio> 107, subthreshold slope of 0.4 . o

V/decade and threshold voltage-of6 V (sample 13, Table II).  The lorr of Table Il'in all cases was the minimum value

However, the field-effect mobility of the poly-Si TFTs was low-0f Ips @t Vps = 10 V when Vs was scanned from-10 to

ered to~ 9 cn?/Vs compared tev 14 cn?/Vs for the poly-Si 20 V- fox was the maximunips at Vps = 10 V. The elec-

TFTs with the 600 C crystallization anneal (sample 8, Table I)tron field-effect mobility was calculated from the maximum
The best performance for the nonself-aligned poly-Si TFF&@nsconductance valuelps/dVes) at Vs = 0.1 V, and -

was achieved for the process with 600-crystallization anneal t_hres_hold voltage was deduced from the intercept of the straight

with SiO, as the gate dielectric. The field-effect mobility oflN€ fit 0 Ips versusVgs atVps = 0.1 V.

these poly-Si TFTs was- 14 cn?/Vs and the ON/current In case of the polysilicon transistors, however, the effect of
ratio was> 10° (sample 8, Table I). With the self-alignedthe source and drain contact resistance cannot be ignored, espe-

process flow discussed elsewhere [24], for the blanket hgj_ally because thisis notase!f—aligned TFT and the §ource/drgin

drogen-plasma-treated poly-Si  TFTs, higher field-effe&ontacts are not co—pl_anar with the chann_el. I_n the linear region

mobility and better ON/OFF current ratios ef 33 cn?/vs (Vbs = 0.1V) the drain to source current is given by

and~ 1(f, and~ 75 cn?/Vs and~ 10" for low temperature Lot Cox W

(£ 600 °C) and high temperature<( 1000 °C) processes, Ins = T[VDS(VGS - Vou)l- )

respectively, can be achieved. With a laterally-seeded proc . .

flow, the performance of the low-temperature TFTs could t?gih con(';act re3|_stance dt atnq };5 "?It tf\\;i;;riw}zandlsource

improved even further to achieve field-effect mobility as hig nas, and assuming a symmetric device = fis, (1) can

as 75 cm/Vs and ON/OFF current ratio greater thar’ 1p4]. e rewritten as (ignoring second-order terms)
To achieve optimum performance for both poly-Si and N kEVas(Vas — Vrn)

a-Si:H TFTs with the same process flow, several tradeoffs ~q + 2k Rs(Vas — Vo) + kRsVps

only if the prior rehydrogenation was incomplete, i.e., not
the dangling bonds in the-Si: H layer were passivated.

)

Ins
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wherek = u.gCoxW/L and R is the contact resistance at the [18]
source/drain. Equation (2) can be used to perform a least square
fit of the data and the values &f Vg, andRs can be extracted [19]
for one device of one channel length. For polysilicon TFRs,
was found to be as high as 30@ kn some cases for channel
width of ~ 200.:m, which means that (1) would have resulted in
apessimistic estimate pfr. Table Il lists the values of field-ef-
fect mobility for the poly-Si TFTs calculated from (2). For the [21]
a-Si:H TFTs, on the other hand, the effect of the source/drain
resistance was negligible as the channel conductance and niez]
bilities are much lower than for the poly-Si TFTs.

[20]

(23]
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