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Effects of NH; Plasma Passivation on N-Channel
Polycrystalline Silicon Thin-Film Transistors

Huang-Chung Chengvlember, IEEE Fang-Shing WangStudent Member, IEEEand Chun-Yao Huang

Abstract—The NH;-plasma passivation has been performed and the promotion of the hydrogen plasma generation due to
on polycrystaliine silicon (poly-Si) thin-film transistors (TFT'S).  the radical collision. Yanget al. showed that the improved
It is found that the TFT's after the NH s-plasma passivation  cparacteristics of poly-Si TFT’s can be obtained by combining
achieve better device performance, including the off-current be- . - . . 7
low 0.1 pAjum and the on/off current ratio higher than 10%, th_e mtrggen implantation with thej=plas_ma_passwatlon [11].
and also better hot-carrier reliability than the H »-plasma ones. It is believed that the defect-state passivation and donor effect
Based on optical emission spectroscopy (OES) and secondaryof nitrogen are responsible for the improved characteristics. It
ion mass spectroscopy (SIMS) analysis, these improvements werehas also been reported that after a pre-oxidation Bithealing
attributed to not only the hydrogen passivation of the defect (850 °C, 30 min) and an ktplasma treatment, the poly-

states, but also the nitrogen pile-up at Si@/poly-Si interface and . , . - .
the strong Si-N bond formation to terminate the dangling bonds Si TFT's can achieve better characteristics than purely with

at the grain boundaries of the polysilicon films. Furthermore, the an H-plasma treatment [12]. It is believed that the nitrogen
gate-oxide leakage current significantly decreases and the oxideincorporation by a high-temperature Nldnnealing can form

breakdownT\;]c_)Itage Sllighﬂy inc_rer;}ses aftgarl appl%/ingth;J—glasma the gate oxynitride and result in bettep4dlasma passivation
treatment. IS novel process IS 0 potentla use for the fabrication H H _ H
of TETILCD's and TET/SRAM's. effect. In this _vvor.k, a simple low-temperature technique sNH
plasma passivation, has been employed to enhance both the
electrical properties and hot carrier reliability of the poly-
I. INTRODUCTION Si TFT's [13], [14]. The mechanism of the defect state

OLYCRYSTALLINE SILICON (poly-Si) thin-film tran- passivation and the electrical properties of the gate dielectric

sistors (TFT's) are of interest for a number of application@ﬁer the NH-plasma treatment are also discussed.

such as ultra-large-scale-integration (ULSI) memories and
large-area electronic devices (displays, sensors, etc.) [1], [2].
In these devices, defect states either in the bulk or at grain
boundaries play a crucial role [3]. To obtain high-performance The poly-Si TFT's were fabricated on the thermally oxi-
poly-Si TFT’s, it is necessary to reduce the trap-states of thezed (100) silicon wafers. A 110-nm thick amorphous silicon
polysilicon films. It is now well known that hydrogenation(«-Si) was initially deposited at 550C by low-pressure
tends to tie up the grain-boundary dangling bonds with hghemical vapor deposition (LPCVD) using pure SiHand
drogen, thereby remarkably improving the characteristics thfen furnace annealed at 60@ for 24 h in N, ambient
the poly-Si TFT's [4]. However, it had been observed thab recrystallize such silicon films. After defining the active
the characteristics of the poly-Si TFT's after the hydrogeslands, a 70-nm thick silicon-dioxide was thermally grown by
passivation suffer a low hot-carrier endurance [5], [6]. On thgry oxidation at 1000°C. Another 300-nm thick polysilicon
other hand, the ®and N, plasma passivation are alternativdilm was deposited at 620C in an LPCVD system and
techniques to improve the performance of the TFT's. Thmatterned as the gate area. A self-aligned RQidping was
effects of the @ plasma treatment on poly-Si TFT's have beeperformed at 900°C for 20 min to form the source, drain,
reported in literature [7]-[9]. Recently, it has been reporteahd gate electrodes. After the oxide was stripped, the samples
that the B/N, mixture plasma and nitrogen ion implantatiorwere subjected to the NHor H, plasma treatment in a
significantly improve the electrical characteristics of the polyarallel-plate plasma reactor at 30Q with a power density
Si TFT's [10], [11]. Tsaiet al exhibited that the nitrogen- of 0.7 W/cn?. The plasma exposure time is 30 min if there
containing hydrogen plasma ¢HN, mixture plasma) treatmentis no specification in text. The plasma conditions (listed in
could further improve the characteristics of the TFT's agable I) for NH; and H; had been optimized to obtain the
compared with pure Hplasma treatment [10]. It is attributedoptimum device performance, respectively. After a plasma-
to the passivation effect of the nitrogen radicals themselveshanced CVD (PECVD) SiOwith a thickness of about 500
nm was deposited, the contact holes were opened and the Al
Manuscript received January 1, 1996; revised August 12, 1996. The revififyns were deposited and then defined. The current-voltage
of this paper was arranged by Editor W. F. Kosonocky. This work w. .. , .
supported in part by the Republic of China National Science Council und r_V) characteristics of the TFT's and the pOIyOX|deS were
Contract NSC-85-2215-E009-035. measured by an HP 4145B semiconductor parameter analyzer.
The authors are with the Department of Electronics Engineering armthe concentrations of the hydrogen and nitrogen atoms were
Institute of Electronics, National Chiao Tung University, National Nang . . .
Device Laboratory, Hsinchu 300, Taiwan, R.O.C. measured using secondary ion mass spectroscopy (SIMS) with
Publisher Item Identifier S 0018-9383(97)00307-9. Cst as the primary ion.
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The I,—V, characteristics of the n-channel poly-Si TFT's & 10
with various NH;-plasma exposure times from 0 to 120 min & [
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are shown in Fig. 1. The transfer curves of the devices with 10" ————
a 30 min H-plasma and without plasma treatments are also 0 01 02 03 04 05 06

shown for comparison purposes. It is obvious that thesNH
plasma and ktplasma treatments both can effectively promote
the performance of the TFT's. In addition, it seems that theg. 3. The trap-state density distribution calculated from field-effect con-
devices treated by Ngiplasma for 30 min have even bettefuctance method.
performance than those treated by-plasma. Moreover,
as the exposure time of NFplasma increases, the TFT'slt implies that more trap-states in the channel are passivated
performance can be enhanced increasingly, such as minimbynNHs-plasma than those by plasma treatment. Hence,
drain current and inverse subthreshold slope down to 3.54 pi#e grain boundary barrier potentials are further reduced
and 200 mV/dec, and field-effect mobility and on/off currertty NHsz-plasma passivation. Fig. 3 shows the trap-state
ratio increasing to 79.93 cifVs and2.23 x 108, respectively, densities in the energy band gap determined by the field effect
for 120 min NH;-plasma treated devices, unlike the previousonductance method [15]. It is clearly seen that both plasma
report that the TFT's exposed to,Hblasma exhibited earlier treatments reduce the trap-state densities significantly, and
saturation characteristics [8]. the NH;-plasma treated devices have more improvement than
The temperature dependences of the drain current tbbse for H-plasma treated ones. This result is consistent
the NH;-plasma, the HKplasma, and without plasmawith the activation energy shown in Fig. 2.
treated devices were also measured in the temperatur@he hot-carrier reliability of the Nktplasma treated devices
range from 30 to 150°C. Using the linear fitting was also investigated. Fig. 4(a) and (b) shows the variations of
of the In({;) versus the 1/kT plot, wherek is the on currentl,, and minimum drain currer,;, for the devices
Boltzmann constant and” is the absolute temperaturewith the NH;- and H-plasma passivation, respectively, after
the activation energyl, of the drain current at different they were stressed af; = 20 V, V, = 10 V for different
gate biases is deduced as shown in Fig. Zat= 0.1 V. stress durations. The starting values of the on/off current are
It can be seen that the NFplasma treated devices have loweb61 1A/39.5 pA and 3331A/81.0 pA for NH;- and H-
E, than the H-plasma and without plasma treated ones. Ti@asma treated devices, respectively, at the stress#im.
value of the activation energy reflects the carrier transpdnt Fig. 4(a), it is found that/,, decreases with increasing
barrier of the grain boundary within the polysilicon channehot-carrier stress time. The variations Kf, for NHz-plasma-

Energy Level from Midgap E-Ei (eV)
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H.-plasma passivated devices as a function of stress time.
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treated devices are less than those ferdthsma treated ones. = . - H_-plasma
In Fig. 4(b), Imin increases with increasing stress time and 2 wwey w;houtplasma
the degradation rate for thes;kblasma treated devices is © b
larger than that treated with Npplasma. From the data of Z 10° (b)
Fig. 4(a) and (b), the NEiplasma passivated devices have F
better hot-carrier reliability than the J-plasma ones. The : 4 [
. 2 e > 10% L
performance degradation of both devices induced by the hotg E
carrier stress is ascribed to the generation of poly-SiySiO 'g s
acceptor-type interface states and the grain boundary states i@ 10
the poly-Si channel layer [5], [16]. The hot-carrier endurance wa E ‘
of NH3-plasma passivation is better than that of thegthsma 102 bt TS
passivation, suggesting that not only hydrogen atoms but also 0 400 800 1200 1600

nitrogen atoms are diffusing into the poly-Si films. In order to
investigate the causes, the OES and the SIMS analysis were
also performed. Fig. 6. The SIMS profiles of (a) H and (b) SiN for 70-nm oxide/80-nm

The emission spectroscopy is a typical apparatus used ﬁ)@l,y—Si/fieId oxide substrate structure with thlas_ma, H-plasma, and

. . . . ._without plasma treatments. The plasma exposure times for aldl H, are

the detection of reactive species in plasma process. Figym 1 hour.
shows the optical emission spectra observed from thg-NH
plasma in the range of 200-900 nm. As indicated in theaction chamber. Although the existing I the NH;-plasma
figure, a strong line spectrum of NH radical emissions at thpggovide little contribution to the defect state passivation, the
wavelength of 336 nm and three line spectra of H radicAl, can urge the other species (such as H and NH) to form
emissions, which correspond with hydrogen atomic lines, Hadicals by increasing the collision probability, hence promote
656 nm, H; 486 nm, and H 434 nm, are found, that canthe hydrogen plasma generation [10]. All of them can enhance
be thought of the sources diffusing into gate dielectric antle passivation effect of the TFT’s in the NHblasma process.
poly-Si channel to passivate the defect states. In addition, the=ig. 6 shows the SIMS results of the specimens exposed
plasma formation is induced by the radical collisions in th®s an NH;- and an H-plasma for 1 h, respectively, and the

Sputtering Time (sec)
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Fig. 7. J4—V, characteristics of the gate dielectrics after Nplasma, Fig. 8. The cumulative distributions of time-zero-dielectric-breakdown
Hs-plasma, and without plasma treatments. (TZDB) characteristics of the gate dielectrics with pHdlasma, H-plasma,
and without plasma treatments.

control sample (i.e., without plasma treatment) for comparison. ) i )
As can be seen in Fig. 6(a), the hydrogen concentratioments of gate dielectrics may be therefore connected with the
increase significantly both for Hplasma and Nktplasma NcOrporation of nitrogen and hydrogen.

treated samples, and the value of the former is slightly higherFig' ,8 Sh‘?WS the cumulative distributior!s i of the time-
than that of the latter. However, the performance of t ro-dielectric-breakdown (TZDB) characteristics of the gate

TFT's after NH;-plasma treatment is even better than th lelectrics with NH-plasma, H-plasma, and without plasma

treated with H-plasma. Hence, the improvement on electricéfer?_tt;n_tengs;[tTh_?_z%aée ﬁllelecttru_: g(vnhthl},llrﬁlglsma;htreat\tments
properties of the TFT's after NHplasma passivation mayex bits better characteristics than the other two cases.

he H,-plasma treated gate dielectrics have slightly higher

come from other reasons. In Fig. 6(b), it is found that t E e
nitrogen atoms can even diffuse throughout the channel po eakdown voltage valugii,q) and narrower distribution than

Si region for the NH-plasma treated samples. From th : T i .
SIMS analysis, it is suspected that strong Si—N bonds can %fethe gate dielectric is also attributed to the nitrogen and

. e P hydrogen patrticipation. Originally, due to the high stress in
formed in the poly-Si channel and at poly-Si/Si@nterface glyoxide [19], it is expected that there are many strained

besides weak Si-H bonds. In the previous literature, it hgonds within the oxide, especially at local regions nearby the

been reported that the nitrogen implantation in the poly- %'rain boundaries. These strained bonds are easy to be broken

gate/SiQ/c-Si substrate MOS structure could obtain a mughl ;
; : S high energy electrons to cause trap-state generation when

smaller interface-state generation rate after h|gh-f|eld/currer}ff. : . :

stress [17]. Momoset al also showed that with the lo a field is applied to the oxide. After NHplasma treatment,
[17]. ) W Wi W the nitrogen and hydrogen in the oxide may strengthen the

, o i ; L
con_centranon{_l _atom /0). nitrogen mporp_o_ratlon in the NH strained bonds and passivate the trap-states. Hence, the oxide
rapid thermal nitrided-oxide, both drivability and hot carmiep o adown strength is improved

reliability of MOSFET could be improved [18].

Aforementioned in Fig. 6, the hydrogen and nitrogen rad-
icals can diffuse into and accumulate in gate dielectric, so IV. CONCLUSION
that the effects of the plasma treatments on the electricalThe NH;-plasma passivation has been used to promote the
properties of gate dielectrics of the TFT's are worthy to bglectrical properties of poly-Si TFT's. It is found that the poly-
investigated. The characteristics of leakage current densBy TFT's after NH-plasma passivation exhibit significantly
versus gate voltage/,—V;) for the gate dielectric after NH  superior device characteristics and hot-carrier reliability to
plasma, H-plasma, and without plasma treatments are showtose with the conventional4plasma passivation. It is found
in Fig. 7. It can be seen that the gate dielectrics forsN&hd that the TFT’s after the Nktplasma passivation can achieve
Ho-plasma treatments have lower leakage current than thase off-current below 0.1 pAdm and the on/off current ratio
without plasma ones when the gate is positively biased and tigher than 18. By means of OES and SIMS analysis,
source/drain electrodes are commonly grounded. Moreoverthse improvements were attributed to not only the hydrogen
is found that the Nitplasma treated devices exhibit lowepassivation of the defect states, but also the nitrogen pile-up
leakage current than the;kplasma treated ones. That is, thet SiOy/poly-Si interface and the strong Si—N bond formation
qualities of the gate dielectrics for the Nhplasma treatments to terminate the dangling bonds in the grains and at the
are better than those treated with,-plasma. Since thesegrain boundaries in the channel region. Furthermore, the
three samples are fabricated by the same processes and thasacteristics of the gate dielectrics after the sNHhasma
have almost the same interface morphologies, the improussatment has been also improved.

oes those without plasma treated ones. This imprdxged
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