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Abstract

Thin-film transistor (TFT) devices with either a top or a bottom sub-gate were fabricated and characterized. The top

sub-gate scheme allows the self-aligned formation of main-gate with respect to the sub-gate. On the other hand, the

bottom sub-gate scheme features a self-aligned field-induced drain with a sidewall spacer located on its top to set the

effective field-induction-drain (FID) length. Unlike the conventional TFTs, the FID serves to distribute the high drain

electric field and thereby eliminates gate-induced drain leakage-like off-state leakage current. Superior device perfor-

mance is realized with the bottom sub-gate structure. � 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Polycrystalline silicon (poly-Si) thin-film transistors

(TFTs) have been used in a wide variety of applications.

They are receiving increasing attention as they repre-

sent the most promising candidates for integrating

switching elements and peripheral drivers in high-per-

formance large-area active matrix liquid-crystal display

(AMLCD) system. The feasibility of integrating pe-

ripheral driver circuits directly on the same substrate

greatly improves the display system reliability and also

lowers system cost by reducing the number of external

connections [1,2].

However, an anomalous off-state leakage current

that increases with drain bias and gate bias has been the

key show-stopper for conventional poly-Si TFTs [3].

This undesirable off-state leakage current makes poly-Si

TFTs unacceptable in many high-performance switching

circuit applications. For example, the off-state leakage

current should be <0.1 pA per micrometer of channel

width to keep a high-voltage holding ratio [4]. The cause

of the off-state leakage current is generally attributed to

field emission of electrons via grain boundary traps as a

result of the high electric field near the drain junction [3].

In order to reduce the electric field near the drain, some

methods, such as lightly doped drain (LDD) [5–7], and

field-induction-drain (FID) structures [8,9], have been

proposed.

For TFTs with the LDD structure, the off-state

leakage is reduced by a lower channel electric field near

the heavily doped drain. However, the on-current also

tends to degrade significantly due to increase in parasitic

resistance introduced by the LDD region.

The FID approach sets an undoped offset region in

the active channel layer between the drain and the re-

gion directly underneath the gate. A field-plate (or a

sub-gate) is used to induce an electrical junction in the

offset channel regions. The electrical junction serves to

distribute the electrical field between the gate and the

drain electrodes, thus reduces the peak field strength.

Unlike the LDD approach, the FID structure is in-

herently free from any implant damage associated with

the LDD region. In fact, the combination of a re-

duced drain electric field and the damage-free feature is
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believed to be responsible for the observed low off-state

leakage in TFTs with FID [10]. It has also been shown

that, by applying a proper bias to the field-plate, the on-

current will not be adversely affected. However, the

original FID approach is susceptible to photomask-

ing misalignment error [8–10], a major drawback in-

herent in its fabrication process because the length of

the FID region is set by two separate photolithographic

steps.

In this paper, two new self-aligned TFT processes

have been developed. Two types of sub-gate architec-

tures, namely, bottom and top sub-gates, have been

employed for FID formation. For the top sub-gate

scheme, the main-gate could be self-aligned to the sub-

gate. While for the bottom sub-gate devices, a self-

aligned sidewall spacer located on top of the drain offset

region is used to set the effective FID length. A bottom

sub-gate situated underneath the drain offset region is

used to electrically induce the field-induced-drain.

Therefore, unlike the conventional off-set-gated TFTs

with their effective FID length defined by two separate

lithography steps, the new self-aligned field-induced

drain (SAFID) is completely immune to the photomask-

ing misalignment errors.

2. Experiments

2.1. Fabrication of SAFID TFT with top sub-gate

Fig. 1 depicts a fabrication flow and cross-sectional

view of a SAFID TFT with top sub-gate. A 50 nm CVD

amorphous thin Si film was deposited at 550 �C, and
transformed into polycrystalline phase by a solid-phase

re-crystallization (SPC) at 600 �C for 24 h to serve as the
active device layer. Subsequently, a nitride (50 nm)/nþ

poly-Si (200 nm)/LPTEOS (20 nm) stacked layer was

deposited. Then, the sub-gate was patterned and etched

to expose the nitride layer (Fig. 1(a)). Next, the self-

aligned sidewall spacers were formed by the deposition

of an oxide layer and subsequent reactive-ion-etching

(Fig. 1(b)). Then, the nitride layer was etched in H3PO4

at 150 �C with the poly-Si layer serving as a stopping

layer (Fig. 1(c)). A 20 nm CVD oxide layer was then

deposited to form the gate insulator. A third poly-Si film

was deposited and patterned to form the top-gate (i.e.,

main-gate). Finally, self-aligned source/drain regions

were formed by a heavy-dose implant (Fig. 1(d)). For n-

channel transistors, Asþ implant with a dosage of

5� 1015 cm�2 at 20 keV was used. The implanted do-

pants were subsequently activated in N2 at 600 �C for

12 h. Wafers then followed a standard back-end pro-

cessing to form the contact pads, and received a plasma

treatment at 250 �C in NH3 for 1 h before measure-

ments.

2.2. Fabrication of SAFID TFT with bottom sub-gate

Briefly, a 100 nm highly doped poly-Si layer was first

deposited on an oxidized silicon substrate by low pres-

sure chemical vapor deposition (LPCVD). The doped

poly-Si film was then patterned to form individual sub-

gate (or field plates). Next, a 100 nm CVD nitride was

deposited by LPCVD (Fig. 2(a)), followed by the de-

position of a thick LPTEOS (550 nm) oxide layer.

Chemical mechanical polishing (CMP) was then applied

to planarize the wafer surface and expose the nitride

layer on top of the sub-gate (Fig. 2(b)). It should be

noted here that the nitride layer serves not only as the

isolating dielectric between the field plate (i.e., sub-gate)

and the active device layer in the final device structure, it

also serves as a stopping layer to enhance process con-

trol during CMP polishing. Afterwards, a 50 nm CVD

amorphous thin Si film was deposited at 550 �C, and
transformed into polycrystalline phase by a SPC at 600

�C for 24 h (Fig. 2(c)) to serve as the active device layer.

A 20 nm CVD oxide layer was then deposited to form

the gate insulator. A third poly-Si film was deposited

and patterned to form the top-gate, followed by the

formation of a self-aligned sidewall. Finally, self-aligned

source/drain regions were formed by a heavy-dose im-

plant (Fig. 2(d)). For n-channel transistors, Asþ implant

Fig. 1. Key process flow for TFT with top sub-gate.
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with a dosage of 5� 1015 cm�2 at 20 keV was used. The

implanted dopants were subsequently activated in N2 at

600 �C for 12 h. Wafers then followed a standard back-

end processing to form the contact pads, and received a

plasma treatment at 250 �C in NH3 for 1 h before

measurements. Poly TFTs with conventional structure

(e.g., without the sub-gate) were also fabricated along-

side to serve as the control.

3. Results and discussion

Fig. 3 shows typical subthreshold characteristics of

the SAFID TFT devices with a bottom sub-gate bias of

40 V and a drain bias of 15 V. Well-behaved transfer

characteristics and high on/off current ratio (�107) are
achieved in the SAFID TFT. As shown in Fig. 4, the off-

state current of the SAFID TFT is much lower than that

of the conventional TFT control. Specifically, the leak-

age current of SAFID TFT is 10 times smaller at VG ¼ 0

V and 100 times smaller at VG ¼ �5 V, compared to the
conventional TFT control. This is because, under iden-

tical gate bias, the FID induced by the sub-gate could

effectively reduce the peak field near the drain region,

thus reducing the off-state leakage while maintaining a

current drive capability comparable to that of the con-

ventional TFT.

The important roles of the bottom sub-gate bias on

the device operation are illustrated in Fig. 5. It can be

seen that even by applying a proper main-gate bias, the

SAFID TFT still cannot be effectively turned on with

zero sub-gate bias. This is because under such condition,

the field-induced source and drain are not formed, and

thus the switching behavior of the device is prohibited. It

is interesting to note here that the leakage current at

negative main-gate voltage region can even be lowered

Fig. 2. Key process flow for SAFID TFT with bottom sub-

gate.

Fig. 3. Subthreshold characteristics of the SAFID TFT. L=W
of the device is 2 lm/10 lm.

Fig. 4. Comparison of subthreshold characteristics between

SAFID and conventional TFT devices. L=W ¼ 2 lm=10 lm.

C.M. Yu et al. / Solid-State Electronics 46 (2002) 1091–1095 1093



when the sub-gate bias is applied. The cause of this

phenomenon is still not very clear at this moment, and is

presumably related to defects present at the channel/

nitride interface induced during CMP processing.

A comparison between the transfer characteristics of

the device with top and bottom sub-gate is shown in Fig.

6. Note that the VG;sub applied on the device with top

sub-gate is 15 V, which is lower than that with bottom

sub-gate (i.e., 30 V), accounting for the different nitride

thickness used in the two cases. It is seen that that the

top sub-gate device exhibits poorer performance. This is

ascribed to the high resistive channel regions underneath

the inner spacer (see Fig. 7), resulting in degraded on-

current.

4. Conclusions

We have proposed and successfully demonstrated

two self-aligned TFT processes that allow the realization

of field-induced drain structures. The first one features a

bottom sub-gate (or field plate), and a top self-aligned

sidewall spacer is used for setting the effective length of

the FID region. While the other one features a top sub-

gate that allows the main-gate to be self-aligned to the

sub-gate. These new structures, unlike previous versions

of TFTs with FID, are therefore not susceptible to

photomasking misalignment errors. Excellent on/off

current ratio has been successfully demonstrated for

TFTs with bottom sub-gate. The top sub-gate scheme,

however, exhibits poor device performance, which is

ascribed to the introduction of high parasitic resistance

in the channel region directly underneath the inner

spacers.

Fig. 5. Effects of the bottom sub-gate bias on the transfer

characteristics of SAFID TFT.

Fig. 6. Comparison of subthreshold characteristics between

TFTs with (a) top sub-gate and (b) bottom sub-gate. L=W ¼
2 lm=10 lm.

Fig. 7. Cross-sectional view of a TFT with top sub-gate

showing the high-resistance channel regions directly underneath

the inner spacers.

1094 C.M. Yu et al. / Solid-State Electronics 46 (2002) 1091–1095



Acknowledgements

This work was supported in part by the National

Science Council under contract number of NSC-89-

2215-E-009-104. The authors are grateful to the staff in

NDL for their kind assistance and support during the

course.

References

[1] Wu IW. Tech Dig AM-LCD 1995:7–10.

[2] Serikawa T, Shirai S, Okamoto A, Suyama S. IEEE Trans

Electron Dev 1989;36:1929–33.

[3] Fossum JG, Ortiz-Conde A, Shicjijo H, Banerjee SK. IEEE

Trans Electron Dev 1985;32:1878–84.

[4] Ohshima H, Morozume S. Ext Abstr Conf Solid State Dev

Mater 1991:577.

[5] Tanaka K, Arai H, Kohda S. IEEE Electron Dev Lett

1988;9(1):23–5.

[6] Seki S, Kogure O, Tsujiyama B. IEEE Electron Dev Lett

1987;8(9):434–6.

[7] Min BH, Park CM, Han MK. IEEE Electron Dev Lett

1995;16(5):161–3.

[8] Huang TY, Wu IW, Lewis AG, Chiang A, Bruce RH.

IEEE Electron Dev Lett 1990;11:541–3.

[9] Huang TY, Wu IW, Lewis AG, Chiang A, Bruce RH.

IEEE Electron Dev Lett 1990;11:244–6.

[10] Tanaka K, Nakazawa K, Suyama S, Kato K. IEEE Trans

Electron Dev 1992;39:916–20.

C.M. Yu et al. / Solid-State Electronics 46 (2002) 1091–1095 1095


	Self-aligned fabrication of thin-film transistors with field-induced drain
	Introduction
	Experiments
	Fabrication of SAFID TFT with top sub-gate
	Fabrication of SAFID TFT with bottom sub-gate

	Results and discussion
	Conclusions
	Acknowledgements
	References


