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We have developed a 150°C technology for amorphous silicon thin-film transigeg8&H TFTS on polyimide substrates
deposited by plasma enhanced chemical vapor deposition. The silicon nitride gate dielectric and the a-Si:H channel material were
tailored to provide the least leakage current and midgap defect density, respectively. In addition, we conducted experiments on the
TFT structure and fabrication with the aim of obtaining high electron mobility. TFTs with back-channel etch and channel-
passivated structures were fabricated on glass ourhlthick polyimide foil. The a-Si:H TFTs have an on/off current ratio of

~10" and an electron mobility 0f-0.7 cnf/V s.
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Plastic substrate films for active electronic circuits are attracting(from C-V measurement of Cr/S{MCr structure} the etch rate in
increasing attention. Circuit fabrication processes must not exceed:1 buffered oxide etct (10:1, with surfactant, complementary
the glass transition temperature of the substrate. At present, the prinmetal oxide semiconductpthe Fourier-transform infrared absorp-
cipal materials technology for thin-film transistaiBFTs) is based  tion (FTIR) spectrum, the Rutherford backscatteri(RBS) spec-
on silicon. We have be_en developing_ an amorphous siliee8i:H trum, and the secondary ion mass spect(@inMS).¢ Selected Sily
based TFT process with 150°C maximum temperature for compatiecipes were then tested by fabricating inverted staggered a-Si:H
ibility with flexible polyimide foil substrates. A key component of 1< with either the back-channel etch or the Sikhannel-

the process is the deposition of the silicon nitride (JiNwhich assivated structure.
serves as the passn_/atlon Iayer for the s_ubs_trate and_as the gate Figure 1 shows the SiNgrowth rate and the index of refraction
dielectric. In conventional a-Si:H TFT fabrication, the 3l de- 5 fynctions of hydrogen dilution and power. Figure 1a depicts the

posited at 300-350°C, which is the highest temperature step in th§ariation in these parameters for the radio frequeinBypower of 5
entire process and_ is need_e_d to ensure low gate leakage curreRy ong a hydrogen flow from 55 to 220 sccm. Adding more hydro-
Reduction of the Sil deposition temperature from 350 to 150°C, gen reduces the growth rate froml.6 to~1.1 A/s and increases
while retaining low gate leakage, is a serious challenge. the index of refraction from 1.75 to 1.79. Figure 1b shows the depo-
Plasma enhanced chemical vapor deposiiBECVD) is the iiion rate and index of refraction as functions of rf power for the
standard technique for the fabrication of a-Si:H TFTs. A number of hydrogen flow rate of 165 sccm. An increase in the rf power from 5
authors have reported silicon nitzide films deposited by PECVD at &4 20 \w causes an increase in the growth rate from 1.2 to 2.1 A/s
temperature lower than 25.0_019" but only a few studies were  an4 5 glight increase in the index of refraction from 1.79 to 1.80.
aimed at process optimizatiéit’ Encouraged by the rapid growth e portom graph, Fig. 1c, shows the same parameters for the high-
of the liquid crystal display industry, several groups have worked ongg; hydrogen flow of 220 sccm and a large variation in rf power
adapting the currently practiced a-Si:H TFT technology to variousgn, 5 1o 50 W. Over this power range, the deposition rate increases
plastic substratés™®by reducing the deposition temperature. In this {03 1 10 2.9 A/s and the index of refraction increases slightly
paper we summarize the results of the optimization of PECVD sili- {51 1 79 to 1.81. both with increasing power.
con nitride deposition at 150°C using primarily the leakage current Figure 2 corrélates the dielectric constant calculated from
as the quality crite_rion, and show that high quality a-Si:H TFTs can capacitance-voltageC-V) curves measured at 1 MHz, and the etch
be fabricated at this temperature. rate in 10:1 buffered oxide ettfwith hydrogen flow and deposition
power. As the hydrogen flow increases, the etch rate drops dramati-
cally from 412 to 96 A/s, indicating that the most dense films are
The SiN, films were deposited from mixtures of SjHNH;, and deposited with the highest hydrogen flow. The dielectric constant of
H, using 13.56 MHz PECVD at a pressure of 500 mTer67 Pa. ~6.85 does not change much with hydrogen flow rates between 55
All layers were deposited at 150°C and the silane and ammoniaand 110 sccm, but for larger hydrogen flows it increases to a value
flows were kept constant at 5 and 50 standard cubic centimeters pef 7.38. With an increase in the rf power from 5 to 20 W, there is a
minute (sccm), respectively. We varied the Hlow rate from 55 to  large increase im from 7.14 to 8.49 and a decrease in the etch rate
220 sccm and the plasma power from 5 to 50 W. The electrode areffom 172 to 73 A/s, again indicating that denser films are deposited
was ~250 cnf. Each layer was simultaneously deposited on a cleanat higher power. For the highest hydrogen flow, the etch rate and the
Corning 7059 substratéfor optical measurementson Corning dielectric constant do not vary much in the rf power range from 5 to
7059 coated with Cffor electrical measurementsind on a p-type 50 W. Up to 40 W, the dielectric constant varies between 7.29 and
Si wafer of[111] orientation(for infrared measurementsMost of 7.44 and reaches a value of 8.18 for the power of 50 W. The etch
the films were around 0.am thick. We measured the growth rate, rate drops slightly between 5 and 20 W; above that, it remains
the index of refractiom (from optical transmission measurements constant at a value of about 65 A/s.
using the Swanepoel methdy the leakage current through the ni- All films were tested in a sandwich configuration for leakage
tride [from current-voltagel-V) curves taken from-100 to +100 current and the dielectric breakdown field. The maximum voltage

V], the dielectric breakdown field, the dielectric consiaat 1 MHz applied to the samples was 100 V. No major differences were ob-
served in the leakage current, which varied from 20 to 30 pA at 100

V. All films easily withstood the applied electric field and in all

Silicon Nitride Deposition and Experimental Results
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Figure 1. Growth rate and index of refraction of SiNilms as functions of and rf power.
rf power and hydrogen flow during the 150°C PECVD deposition.

1.5 T T T

220 sccm H,

cases the breakdown field was larger than 2 MV/cm.

165 sccm H2
Figure 3 summarizes the FTIR absorption spectra for experimen-2 2
tal conditions identical to those of Fig. 1. The IR scans of the back-=5 1 L i
ground and of the substrate were subtracted from all spectra. Th<—‘=
main V|brat|0nal bands are as follows: N-H stretching band around

3340 cm'L, Si-H stretchlng band around 2170 ch N-H, scissors
around 1550 cmt, a band around 1190 cm, and the Si-N stretch-
ing band around 890 chf. While the size of most IR bands does
not vary much with changing hydrogen flow or rf power, the Si-H
stretching band at 2170 cmdecreases with both increasing hydro- ‘ ‘ (a? ISW ‘ (bJ) . (cl)
gen flow and increasing rf power. 3000 2000 1000 3000 2000 1000 3000 2000 1000
Figure 4 summarizes the results on the Si/N ratio measured by Wave number (cm) Wave number (cm-1) Wave number (cm-1)
RBS, and on the hydrogen concentration from SIMS, for selected
samples. The value of Si/N for a stoichiometric film is 0.75. All Figure 3. Infrared spectra of Sijfilms deposited over a range of rf power
measured films are nitrogen rich and the Si/N ratio varies betweerand hydrogen flow(a) Hydrogen flow varied from 55 to 220 sccrth) rf
0.56 and 0.67. As the hydrogen flow increases, the films becom@ower varied from 5 to 20 W, an@t) rf power varied from 5 to 50 W.
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Figure 4. Si/N ratio (RBS and H concentration(SIMS) for selected
PECVD SiN, films deposited at 150°C.
growth rate of 1.5 A/s, etch rate of 61 A/s,= 1.80, dielectric
constante = 7.46, dielectric breakdown field-3.4 MV/cm, Si/N
Optimized Low Temperature Silicon Nitride ratio of 0.67, and H content of2 X 1072 cm 2,

Device quality SiN gate dielectric deposited at the standard tem- Back-Channel Etch a-Si:H TETs
peratures of 300-350°C usually is slightly nitrogen rich. Nitrogen
rich SiN, results in better TFT characteristics and is more stable
than silicon rich SiN.° Nitrogen rich SiN contains a large amount
of hydrogen, 20-35 ata % , with thelarger fraction bound in N-H
groups?® The threshold voltage of the TFTs is lowest when the
refractive index of the Sillayer lies in the range of 1.85 to 1.8b.
The index of refraction is related to the stoichiometry of the film
being larger for silicon rich film&? The etch rate in 10:1 buffered

18 H H
HF® usually has a value of 20 AfS. It decreases rapidly with gate electrode~400 nm of gate Sil, ~200 nm of undoped

increasing index of refractiom, up to the value of about 1.83 and a-Si:H.~50 nm of (1) a-Si:H, and—100 nm thick Cr layer for the

remains constant for higher values wf The etch rate has been source/drain. The fabrication details are given elsewkbEhe
reported to rise with increasing concentration of bonded hydrogen in ) ) 9 o
the film 22 channel length wak = 15 um and widthW = 210 um. Using an

Based on the knowledge collected from the Silkins deposited identical recipe for all transistors, the undoped a-Si:H was deposited
at 300-350°C, the low temperature film should be slightly nitrogen fFom @ mixture of Sikj and H,, and the (ﬁ)oa's',:H from a mixture

rich with low hydrogen content, low etch rate, high dielectric break- ©f SiHs, PHs, and H. The optimized 150°C SiNrecipe was used
down field, index of refraction of about 1.85, and preferably high for TFTs deposited on both polyimide and glass, for comparison.
growth rate. Figure 5 shows a strong correlation between the etc Wo other sets of TETs with different SiNayers were deposited on
rate in 10:1 buffered HE and the index of refractiom for our ~ glass. For both sets, the gas flow rates during the, Si#éposition
150°C SiN, layers. This dependence is qualitativébut not quan- ~ Were identical to the optimized recipe, but the rf power was reduced
titatively) similar to the one observed in high temperature SiN 10 15 or 10 W. - . .

which is represented by the dashed line in Fi§A&.low n, the etch The TFT transfer characteristics of a transistor deposited on a
rate decreases linearly with increasing index of refraction and itPolyimide substrate are shown in Fig. 7a. The source/drain current,
remains almost constant for = 1.80. Following upon the above l4s, @s a function pf the sour.ce/d.raln voltayggs for nine dlffgrent
mentioned requirements, the SiMyer deposited from the gas mix- 9ate \_/?thagesvgs Is Sfﬁwn in Fig. 7b. The off current is-1
ture of 5 sccm of Sk, 50 sccm of NH, and 220 scem of b at X 1072 A (<1 X 107 A/um) and the on/off current ratio is

the power of 20 W fulfills these requirements best. This film has a>10". At Vg = 0.1 V, we obtain a threshold voltagg~3.5 V and
a value of~0.5 cnf V™! s™1 for the linear mobility. Except for the

slightly lower mobility, all other values are comparable to those of
a-Si:H TFTs fabricated on glass substrates at temperatures between
500IIII"Ylll!llllli'f[lIll!llll 250and350°é.3
Figure 8 summarizes results of all fabricated TFT sets. The off
currentl ¢, the on current|,,, and the gate leakage currehtg,
400 are plotted as functions of the rf power applied during the gatg SiN
growth. The definition of these currents is as follows: the off current
300
200
100

is the smallest source/drain currenf\gt = 10 V, the on current is
the source/drain current forgs = 10 V andVg = 20 V, and the
leakage current is the source/gate current ¥og = 10 V and
Vgs = 20 V. ljggc @and | o do not vary much among different SiN
recipes, even though the TFTs on the polyimide have slightly lower
leakage and off currents. The on current has a maximum around 15
W and at 20 W it is slightly higher for TFTs on polyimide than on
O a-Si:H TFTs with Channel Passivation
17 18 19 2 Next, we chose a different structure for the a-Si:H TFTs, one
Index of refraction n where the channel area is passivated with a,Sélyer. The cross-
sectional view of this structure is shown in Fig. 9. This structure
Figure 5. Etch rate as function of index of refraction for all Silayers allows one to reduce the thickness of the a-Si:H channel layer while
deposited at 150°C. The dashed line, corresponding tq Sdyosited at  protecting the channel from the environment. All TFTs were depos-
300°C2 is plotted for reference. ited on Corning 7059 glass at 150°C using the same recipes as

We fabricated a series of back-channel etch a-Si:H TFTs by de-
positing at 150°C on Corning 7059 glass or joth thick Kapton E
substrate using a three-chamber PECVD system.

Their cross-sectional views are shown in Fig. 6. First, the poly-
imide substrate was coated on both sides with au@rbthick layer
of SiN,, which serves as a diffusion barriéagainst outgassing
* from the polyimid¢ and as an adhesion layer for the TFT structure.
All TFTs had the following structure=~100 nm thick Cr layer as

Etch rate (A/s)

glass. These differences might be related to a slight variation in the
dielectric constant and/or the thickness of the Si#yers.
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before. The Silayer was deposited using the optimized recipe. In
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Figure 8. The off-currentl ., the on-current,,, and the gate-leakage cur-
rentl . @s a function of the rf power applied during the gate ,Sixbwth.

The TFT structure and all other TFT layers are identical. Open symbols are
for TFTs on glass, full symbols for TFTs on polyimide. The data are average
values from several TFTs.

linear mobilities reveal that the thickness reduction in the a-Si:H
channel layer from 200 to 100 nm had the most pronounced effect
on the mobility. A further slight improvement was achieved by rais-
ing the hydrogen flow during the growth of the a-Si:H layer, while a
deterioration occurred when the hydrogen flow was raised to 330
sccm during the growth of the SiNyjate dielectric layer. The thresh-
old voltages are low and vary between 1.4 and 1.9 V. The values for
the linear mobility and the threshold voltage are averaged over sev-
eral devices.

In the last step, we fabricated TFTs on pin thick polyimide
foil with procedures very similar to those for TFTs on glass. But
before the TFT growth, the polyimide was coated on both sides with
a 0.5um thick layer of SiN. The Cr layers, used previously for
metallization, were replaced with more ductile metals. The gate
electrode was made of Ti/Cr and the source/drain contacts of Al.
Figure 11 shows the transfer characteristic and the calculated mo-
bilities as function of applied gate voltage for these devices. The
TFTs on Kapton have slightly higher off current, lower on current,
and lower mobilities than the same structure on glass. The linear
mobility, calculated from the transfer characteristic of Fig. ¥/gt
0.1V, is ~0.4 cnf/Vs, while the saturated mobility, calculated
from the transfer characteristic ¥ = 10 V, varies withV, as
shown in Fig. 9. The peak mobility fovy = 10 V is ~0.7 cnf/V

some TFTs, we varied the amount of the hydrogen flow for eitherS: Suggesting that high quality a-Si:H TFTs can be made with further

the SiN, or the a-Si:H layer next to the SiNa-Si:H interface, thus
modifying the interface layer to a depth of about 20 nm. The TFT
channel length was 4@0m and channel width was 4Q0m. The gate
dielectric was~360 nm thick and the channel layer was either 100

process improvement.

Conclusions
We have presented a step-by-step optimization process for the

or 200 nm thick. After fabrication, the transistors were annealed atfabrication of amorphous silicon thin-film transistors by plasma en-

~150°C for 30 min in forming gas to anneal out the radiation dam-
age caused by reactive ion etching.

hanced chemical vapor deposition at 150°C. The most critical step is
the deposition of a high quality low temperature silicon nitride gate

Figure 10 shows the transfer characteristics for all TFTs. TFT of

Fig. 10a is similar to the back-channel etch TFT in which the,SiN

layer was deposited at 20 W, but the channel now is passivated. Fc~

the TFT of Fig. 10b, the thickness of the a-Si:H channel layer is
reduced to 100 nm, which is half of that of TFT of Fig. 10a. The

transfer characteristics of Fig. 10c correspond to TFTs in which the

thickness of a-Si:H layer is 100 nm, but the first 20 fmext to the
SiN, layen were modified during growth by doubling the hydrogen
flow. In Fig. 10d, the thickness of a-Si:H layer is again 100 nm, but
the last 20 nm of Sillayer (next to the a-Si:H laygnwere modified
during growth by increasing the hydrogen flow to 330 sccm.

As expected, the off current is reduced by a factor of two when

/;{mmfé% (n+) a-Si:H

e < . undoped a-Si:H
Z v e
................................................... I Sle

glass

the channel layer thickness is reduced to one-half. The calculateéigure 9. Cross-sectional view of the channel-passivated TFT on glass.
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