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The a-Si: H(: Cl)/a-Si:H TFT’s show much lower off-state photo-
leakage current than that of conventional a-Si:H TFT, and higher

field effect mobility than that of an a-Si: H(: Cl) TFT.

A Novel Thin Film Transistor Using
Double Amorphous Silicon Active Layer Il. EXPERIMENTS

Jong Hyun Choi, Chang Soo Kim, Byung Cheon Lim, and Jin Jang The a-Si: I_—|_(: Cl) films were _depo_sitgd by remote plasma chemical
vapor deposition (RPCVD) using Si#5iH, Cl,/Hz/He mixtures [8].
We used He as a nondepositing, exciting species. Helium was passed
Abstract—We have fabricated a novel low off-state leakage current thin- through the plasma generating region contained inside a cylindrical
film transistor (TFT) using a chlorine incorporated amorphous silicon  quartz tube of a diameter of 3.8 cm. Downstream from the plasma,
\[,3h|5‘~clh Hégﬁglljcatlgi acfﬂg;]m?uiss Sfigfr?:;d(ai_r?i ;Hs)i _StHaC;(ﬁg ?tsi\i/?'_"?ycelgv :2 in the deposition area, Sit#SiH.Cl./H, was added for deposition of
photo-insensitive material. The off-state photo-leakage current of the a- a-Si: H(: C films. The flow .rates of He, 3land SiH were fixed at .
Si:H(:Cly/a-Si:H TFT is much lower than that a conventional a-Si:H 100, 2, and 1 sccm, respectively. The substrate temperature was fixed
TFT. at 300°C throughout the deposition.
Fig. 1 shows a cross-sectional view of the a-Si:H(:Cl)/a-Si: H
TFT. The transistor used in this study is a conventional inverted

o ) i ] ) staggered structure. Four layers of 350 nm thick,SiBO nm thick
Thin-film transistors (TFT's) including an active layer of hydro-,_si-H 130 nm thick a-Si: H(: Cl), and 50 nm thick ra-Si: H were

genated amorphous silicon (a-Si:H) or polycrystalline silicon ha‘@)nsecutively deposited in an RPCVD reactor. The,Siayer was
been widely employed as the pixel-driving elements of a ”q“ieeposited by using a gas mixture of Sieihd NH; with 1.8% SiH, in
crystal display (LCD). Particularly, the a-Si:H TFT is widely useqyy, at the substrate temperature of 300 The undoped a-Si : H(: Cl)

in the production of large screen displays [1]. When employing an4 the  a-Si: H were deposited from the gas mixtures of SIH

Si:H TFT for multimedia displays which require a high intensity, 4 SiH, and a mixture of 1% PHand 99% SiH, respectively. The
backlight compared to conventional notebook personal computegs, 4 g;- H, of resistivity~1002 cm, was used to ensure an ohmic
the main issue is to reduce the off-state leakage current under lighfact with the source/drain metals. The Al was evaporated on the

illumination. o ) _ ) nT a-Si:H and then patterned to be used as source/drain contacts.
A-Si: H has high photoconductivity which results in a high off-statqq - layer in the channel was etched using a;Gffasma. The
leakage current for an a-Si: H TFT under backlight illumination [2}.4ti0 of channel width to channel length of the TFT was;60/30
Clincorporated hyd_rogenated _a_morphous silicqn [a-_Si : '_"(: Ch)] h%. The device was illuminated using the backlight of a TFT-LCD
been prepared by various deposition methods using@iHmixtures  moqyle to compare the differences in the off-state leakage currents
to improve film quality [3], to improve the stability [4], or to increase, nqer illumination between a-Si:H(:Cl)/a-Si:H TFT, a-Si: H(:Cl)
the deposition rate [5]. TFT, and a-Si:H TFTs.
The off-state leakage current of a-Si: H TFT under light illumina-
tion is related with its photoconductivity. The photoconductivity of m
a-Si:H(: Cl) is at least two orders of magnitude lower than that of ) )
undoped a-Si: H [6]. However, the performance of the a-Si: H(: Cl) Fig: 2 shows the comparison of square root of drain current (|
TFT's was found to degrade with increasing [SE-]/[SiH.] ratio VErsus gate voltage (Y plots between an a-Si:H TFT, an a-

which was used to deposit the a-Si: H(: Cl) [7]. The degradation % :H(Cl)/a-Si:H TFT, and an a-Si:H(:Cl) TFT deposited under
the same conditions except the gas flow rates. The a-Si: H(: Cl) was

Manuscript received November 19, 1997; revised April 30, 1998. THéeposited with a gas mixture of [SjEl.]/[SiH4] = 0.08. The field
review of this brief was arranged by Editor K. Shenai. This work waeffect mobility and the threshold voltage of an a-Si: H(: Cl) TFT are
supported by the G-7 project of Korea and the Korea Science and Engineeiigg cn?/\V/s and 7.51 V respectively. However, the a-Si: H(: Cl)/a-

Foundation through the Semiconductor Physics Research Center. . , L . - .
The authors are with the Department of Physics, Kyung Hee Universit ,' :H TFT's exhibited a field effect mobility of 0.45 cifi/s, and

Seoul 130_701‘ Korea (e_ma" ”ang@nmskungheeackr) a threSh0|d V0|tage Of 5.09 V. BOth the f|e|d effeCt mObI|Ity and
Publisher Item Identifier S 0018-9383(98)06436-3. the threshold voltage could be improved by adopting a two-layer
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Fig. 2. The comparison of /I;-V, plots between a-Si:H, _. ) . .
a-Si:H(:Cl)/a-Si:H TFT and a-Si:H(:Cl) TFT, in which a-Si:H(:Cl) Fig. 4. The field effect mobility and threshold voltage as a function of

was deposited with a gas mixture of [SiBl2]/[SiH4] = 0.08. a-Si: H layer thickness for the a-Si:H(: Cl)/a-Si:H TFT's.

an equivalent a-Si:H TFT. With increasing [Si€l:]/[SiH4] ratio,

aSiH TFT the room temperature conductivity and conductivity activation energy
> decrease at first and then saturate [6], which is in contrast to con-
ventional a-Si: H, in which the room temperature dark conductivity
decreases if the conductivity activation energy increases because
all conventional, undoped a-Si:H films show n-type conduction.
The anomalous relationship between room temperature conductivity
and conductivity activation energy appears to be due to the p-type
behavior of a-Si: H(: Cl) films [6]. The a-Si: H(: Cl) films deposited
ilumination between [SiHCI,]/[SiH4] ratio = 0.04 and [SiHCI:]/[SiH4] ratio =

—e—0 0.12 are p-type. The p-type a-Si:H has less photoconductivity be-

] o cause the drift mobility of hole is much less than that of electron [9].
) S PR P P T Y P N P I R P

-30-15 0 15 -30-15 0 15 -30-15 0 15
GATE VOLTAGE (V)

E  a-si:H(:Cl) TFT

LOG DRAIN CURRENT (A)

IV. CONCLUSION

We have fabricated low off-state leakage current TFT's using
Fig. 3. Comparison of the I,-V, characteristcs between @ stack with Cl incorporated amorphous silicon [a-Si:H(: Cl)] and
a-Si:H(:Cl)J/a-Si:H TFT, a-Si:H TFT, and a-Si:H(:Cl) TFT underamorphous silicon (a-Si:H) as the active layer. The field effect
backlight illumination. mobility and threshold voltage of the a-Si:H(: Cly/a-Si:H TFT’s
are better than those of a-Si: H(: Cl) TFT’s. The a-Si: H(: Cl)/a-Si: H
It is noted that the a-Si: H TET exhibited a field effect” | s exhibited a field effect mobility of 0._45 c’ﬁys, a threshold
voltage of 5.09 V, and an on/off current ratio 5fl0". The off-state
leakage currents of a-Si: H(: Cl)/a-Si:H TFT under front as well as
backlight illumination are much lower than those of conventional a-
tional a-Si:H TFT under backlight illumination. The On/Off currentSI -H TFT's. By adopting a-Si: H(: Cl)/a-Si: H as an a(?tlve layer in
ratios of an a-Si:H(:Cl)/a-Si:H TFT, an a-Si:H(:Cl) TFT, an® TFT: the photq-leakage current can be decreased with only a small
conventional a-Si:H TFT aré.45 x 107, 4.63 x 10" and 1.18 x degradation in field effect mobility.
10°, respectively. The on-current of the a-Si: H(: Cl)/a-Si: H TFT is
slightly less than that of a-Si:H TFT. However, the leakage current
is much lower than that of a conventional a-Si:H TFT. It is noted[1] F. B. Ellis, Jr., R. G. Gordon, W. Paul, and B. G. Yacobi, “Proper-
that the a-Si:H(: Cl) TFT exhibited lowest photo-leakage currents, ties of hydrogenated amorphous silicon prepared by chemical vapor

whereas the off-state dark leakage currents increase rapidly Wi?ﬂ] geﬁos\';g%nn’ J\.(AEpI.JaP:gsg/olkSi,irgp.H43g9—c4h301i7,819é34Ahn and C

structure.
mobility of 0.5 cn?/Vs, and a threshold voltage of 3.80 V.

Fig. 3 shows the comparison of tlg-1/, characteristics between
an a-Si:H(:Cl)/a-Si:H TFT, an a-Si:H(:Cl) TFT, and conven
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Pre-Buffer ‘\4(\ %”
Output
Pad

Pre-Buffer ,')\‘( b1 /*/ Dn2
Improved Output ESD Protection —I>°—||:} " "_"i !: "

by Dynamic Gate Floating Design Mn1 Mn2

Mdn1
Hun-Hsien Chang and Ming-Dou Ker $ v VSS

Fig. 1. The output buffer with a small drive capability in a 0,88+ CMOS
process. The gate of the unused Mn2 (Mp2) is connected to VSS (VDD)
through a small-dimension Mdnl (Mdpl) to perform the traditional gate
coupling effect for ESD protection.

Abstract—A dynamic gate floating design is proposed to improve ESD
robustness of the CMOS output buffers with small drive capability. By
using this novel design, the human-body-model (machine-model) ESD
failure threshold of a 2-mA CMOS output buffer has been practically
improved from 1 KV (100 V) to greater than 8 KV (1500 V) in a 0.35um
CMOS process.

Index Terms—ESD, ESD protection, output buffer. Mp1 mc2 Mp2
Buffer ”:}091 M I:} Dp2
Pre-Buffer N7 MR2 \4(\\

|. INTRODUCTION A
Electrostatic discharge (ESD) robustness of CMOS IC’s had been

VDD

Output
Pad

found to be seriously degraded by the advanced deep-submicron X oo X
CMOS technologies [1]-[3]. To improve ESD robustness of the Pre-Butfer ot MR1 ;
output transistors, the ESD-implant process and the silicide-blocking [>°‘—| ﬁ Mdm1 |: -

process had been widely used in the deep-submicron CMOS tech- Mn1 Mn2
nologies [3]-[5]. Besides the advanced process modifications to MC‘T
improve ESD robustness of the output buffers, the symmetrical layout v - v VSS

structure had been emphasized to realize the large-dimension outpgt2. The dynamic gate floating design to improve ESD level of the output
transistors by ensuring the uniform turn-on phenomenon along theffers with small drive capability in a 0.3sm CMOS process.

multiple fingers of the output transistor [6]. To further enhance
the uniform turn-on phenomenon among the multiple fingers of
the output transistors, a gate coupling design had been repor
to achieve uniform ESD power distribution on the large-dimensio
output transistors [7]-[11]. But in the practical applications, the outp8t
buffers in a cell library have different drive capability specifications,
for example, 2, 4, 8;--, 24 mA, etc. But, the cell layouts of the I
output buffers with different drive capabilities are still drawn in the

same layout style and area for programmable application. To adjust = ) )
the different output sink (drive) currents of the output buffer, differerft- Traditional Gate Coupling Design

fingers of the poly gates in the output NMOS (PMOS) are connectedTo enhance the turn-on uniformity of the output buffers, the
to the pre-buffer circuit, while the other unused poly-gate fingers apely gates of the unused NMOS (PMOS) in the output buffers
connected to ground (VDD). Due to the asymmetrical connection a@ne connected to VSS (VDD) through a small-dimension NMOS
the poly-gate fingers of the output NMOS in the layout, the ESBIdnl (PMOS Mdp1l) [10], as shown in Fig. 1. The Mdn1 (Mdp1)
turn-on phenomenon among the fingers becomes quite different egcenperated with the parasitic drain-to-gate capacitance in the Mn2
if the layout is still symmetrical. This generally causes a very loMp2) performs the gate coupling effect to turn on the Mn2 (Mp2)
ESD level for the output buffer, even if the output buffer has a totaluring the ESD stress [9]-[11]. In the normal operating conditions,
large device area. the gate of Mp2 (Mn2) is connected to VDD (VSS) through the

] ] i ‘turned-on Mdpl (Mdnl) to keep the Mp2 (Mn2) off. The output

Manuscript received December 22, 1997; revised May 4, 1998. The revieit o (sink) current is provided by the Mp1l (Mnl). For an output
of this brief was arranged by Editor C.-Y. Lu. This work was supported by the . ) i ; .

Design Service Division of Taiwan Semiconductor Manufacturing Compartb,urfer with a smaller drive capability, such as only 2mA, the device

Hsinchu, Taiwan, R.O.C., under Contract C87084. dimension of the Mn1 (Mp1) is much smaller than that of the Mn2
H.-H. Chang is with Integrated Circuits and Systems Laboratory, Institu{1p2). In a 0.35zm CMOS cell library, a 2-mA output buffer has
of Electronics, National Chiao-Tung University, Hsinchu 310, Taiwan, R.O0.Ghe device dimension (WI/L) of 30/0.5:/um) for both the Mn1
M.-D. Ker is with VLSI Design Division, Computer and Communication . .
Research Laboratories (CCL), Industrial Technology Research Institute (IT! ,d Mp1. B%“' In.the gell layout of the 2-mA output buffer, it also
Hsinchu 310, Taiwan, R.O.C. (e-mail: mdker@uvlsi.ccl.itri.org.tw). has the device dimension of 450/0.5 (690/0.5) for the Mn2 (Mp2).
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this paper, a dynamic gate floating design is proposed to improve
D level of the output buffers with different drive capabilities in a
35¢+m CMOS process [12].

. OuTtpuT ESD RROTECTION DESIGN

0018-9383/98$10.00 1998 IEEE



	A Novel Thin Film Transistor Using Double Amorphous Silicon Active Layer
	Recommended Citation

	A novel thin film transistor using double amorphous silicon active layer

