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Abstract—We have proposed and successfully demonstrated to misalignment errors, while the second approach may cause
a novel process for fabricating lightly doped drain (LDD) poly- p|asma damage during the etch-back step.

crystalline silicon thin-film transistors (TFT’s). The oxide sidewall In this letter, we propose a novel lightly doped drain (LDD)
spacer in the new process is formed by a simple one-step selective ’

liquid phase deposition (LPD) oxide performed at 23°C. Devices poly-Si TFT to reduce the Ieal_<age current. The_OXIde sidewall
fabricated with the new process exhibit a lower leakage current SPacer in the new process is formed by a simple one-step
and a better ON/OFF current ratio than non-LDD control de-  selective liquid phase deposition (LPD). The new process

vices. Since the apparatus used for LPD oxide deposition is simple thus appears to be quite attractive for future high-performance
and inexpensive, the new process appears to be quite promisingAMLCD applications.

for future high-performance poly-Si TFT fabrication.

Il. EXPERIMENTS

|. INTRODUCTION . . . "
The chemical solution for LPD oxide deposition has been

OLYCRYSTALLINE silicon thin-film transistor (poly- described elsewhere [7]. Briefly, 35 g of silica (S)@owder
Si TFT) is one of the most promising candidates fofgg 9999) was first added to 1 L of hydrofluosilicic acid
the switching elements in future high-performance large-ar@g, sir;, 4 mol/l). The solution became saturated with silicic
active matrix liquid-crystal display (AMLCD) systems. How-5cid [Si(OH).] after being stirred at 23C for 17 h. The
ever, conventional poly-Si TFT's suffer from an anomalouso|ytion was then filtered to remove the undissolved silica.
OFF-state leakage current which increases with drain voltagionized water (KO) was added to the saturated solution as
and gate voltage [1]. This undesirable OFF-state leakag§yas stirred, so that the solution became supersaturated with
current thus makes poly-Si TFT's unacceptable for switchingjicic acid. The quantity of KO added was 25 ml per 100 ml
device applications, as a low OFF-state leakage current lg$sthe immersing solution.
than 1 pA per pixel is needed for a gray-scale active matrix key processing steps for fabricating the novel TFT device
LCD [2]. are illustrated in Fig. 1. First, a 50-nm undoped amorphous
It has been well known that the dominant mechanisgjjicon layer was deposited on an oxidized silicon substrate by
of the leakage current in poly TFT's is field emission Vi%w-pressure chemical vapor deposition (LPCVD) at 46D
grain boundary traps due to the high electric field near thgr 15 min with ShkHs as the gaseous source. The amorphous
drain junction [3]. An effective method to reduce the electrigjjicon layer was then crystallized at 60 for 24 h by
field in the drain depletion region is to incorporate a lightly,inace anneal and patterned into active device islands. A
doped offset region between the active channel region apg nm oxide layer was grown by thermal oxidation at 980
the heavily doped drain region. Various methods have begfd a 30-nm nitride layer was deposited by LPCVD at 8G0
proposed to achieve such an offset region. However, thggeform the composite gate insulator. It is worth noting that
structures require either an additional photolithographic St@Rhough we have applied high-temperature processing (i.e.,
for defining the nonself-aligned offset region [4], [S], or thesnp—900°C) to demonstrate the feasibility of the new spacer,
deposition of an oxide layer and subsequent etch-back {ge proposed spacer formation method can be easily applied
forming the self-aligned sidewall spacer [6]. In addition, in thg, low-temperature glass-compatible AMLCD process with
first approach length control of the offset region is dif'ficultdugmcessing temperature less than 60D Next, a 300-nm
polycrystalline silicon layer was deposited by LPCVD at
Manuscript received December 21, 1998; revised April 30, 1999. This woB20 °C with SiH, as the reaction gas. Then, the polycrystalline
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Fig. 1. Key processing steps for fabricating the novel poly-Si TFT: (a) after
poly-Si gate definition, (b) after selective deposition of oxide sidewall spacer

by one-step selective liquid phase deposition, and (c) final structure of the 10°
novel TFT. 104
g 10-5 L
solution as described above at 23 for 8 h in order to grow £ 10%}
the selective LPD oxide spacer, which is formed laterally along % 107 }
the sidewall of poly-Si gate [Fig. 1(b)]. Finally, self-aligned O 4p8} —e— controlsample %
source and drain regions were formed by phosphorous (with — § ;4] \'N,‘E:'sg:n[]’/;’;‘fr:spa“’ <
5 x 10'° cm™2 at 55 KeV) or BR (with 5 x 10'> cm~2 at 90 O i} VoS b .
KeV) implant for n- and p-channel transistors, respectively. " ?g%mmmﬁmﬁﬁf”
An Al film was then deposited and patterned to form the 107
electrodes [Fig. 1(c)], followed by nitrogen anneal at 4@ -10 5 0 S
for 30 min. A N;O plasma treatment was also performed Gate Voltage (V)

for 30 min to enhance the device performance before device

(b)
measurements [8].

Fig. 3. Typical transfer characteristics for poly-Si TFT's with and without
LPD oxide sidewall spacer for (a) n-channel poly-Si TFT and (b) p-channel
Ill. RESULTS AND DiSCUSSION poly-Si TFT.
Based on the growth mechanism we proposed [7], the LPD
oxide can only be deposited on surfaces with OH bonds, sugtacer occurs only on the exposed sidewall of polycrystalline
as oxide and polycrystalline silicon with thin native oxidesilicon gate, but not on the overlying photoresist and the
but not on surfaces without OH bonds, such agN$iand underlying SiN,. The width of the oxide sidewall spacer
photoresist. The key feature of the new structure, shown rimeasured from the SEM photograph is about 170 nm.
Fig. 1(b), is the oxide sidewall spacer which is formed by a Typical transfer characteristics of TFT's with and without
simple one-step selective LPD, thus avoiding the difficultyPD oxide spacer are shown in Fig. 3(a) and (b) for n-
of an extra photolithographic step and the risk of plasmend p-channel TFT'’s, respectively. The ON current, OFF
damage. Furthermore, the apparatus used for LPD-oxidecigrent, ON/OFF current ratio, threshold voltage, and mobility
easy and inexpensive, and LPD can be easily performedaa¢ summarized in Table I. Although the ON-state current is
room temperature. As shown in Fig. 2, the SEM photograightly decreased for TFT's with LDD oxide spacer, however,
indeed confirms that the selective deposition of LPD oxidee leakage current is reduced significantly. Consequently, the
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TABLE |
SUMMARY OF ON CURRENT, OFF QRRENT, ON/OFF QWRRENT RATIO,
THRESHOLD VOLTAGE, AND MOBILITY FOR VARIOUS DEVICES. ON
CURRENT ISMEASURED AT Vg = 10 V (—=10 V) AND Vd =5 V
(=5 V) For n(p)-CHANNEL TFT. OFF QURRENT IS MEASURED AT
Vg=—-5V (BV)aw Vd =5V (=5 V) FORN(p)-CHANNEL TFT

lofiA) | Tona) | OVOFF | vy | Mobility

ratio (sz V-5)
N 897X 1071 4.67X10"| 52X10° | 043 223
N(LPD oxide spacer)|1.61 X 10" 1.39x 10| 86x10° 0.72 13.2
P 449x10% [ 1.02X10*] 23x10° | -3.13 34
P(LPD oxide spacer) [ 1.36X10"°| 5.62X10° | 41X 10° | -4.38 2.5
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current ratio. The new process is simple, inexpensive, requires
fewer steps than the conventional methods, and appears to
be quite promising for fabricating polysilicon TFT’s in future
high-performance large-area liquid crystal displays.
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