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Characterization of the Novel Polysilicon TFT With a
Subgate Coupling Structure

Kow Ming Chang Member, IEEEYuan Hung Chung, Chi-Gun Deng, Yuan Fu Chung, and Jian-Hong Lin

Abstract—We have proposed and fabricated a novel polysilicon VS VGS VDS
thin film transistor (poly-Si TFT) with a subgate coupling structure
that behaves as an offset gated structure in the OFF state while
acting as a conventional nonoffset structure in the ON state. The
OFF state leakage current of the new TFT is two orders of magni-
tude lower than that of the conventional nonoffset TFT, while the
ON current of the new TFT is one order of magnitude higher than
that of the offset TFT and is almost identical to that of the con-
ventional non-offset TFT. The ON/OFF current ratio of the new
TFT is greatly improved by two orders of magnitude. No addi-
tional photo-masking steps are required to fabricate the subgate
of the new TFT and its fabrication process is fully the same as the
conventional nonoffset TFTs.

Index Terms—Polysilicon thin film transistor (poly-Si TFT),
offset gated structure, ON/OFF current ratio, photomasking steps,
subgate coupling structure.

Fig. 1. Schematic diagram of the new TFT.
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o i i || PECVD oxide [{%] Passivation oxide
OLYSILICON thin-film transistors (poly-Si TFTs) - o
have received increasing interest in the applications of Lyo Ls, Lsq
active matrix liquid crystal displays (AMLCDs) and static lE ElE EIE l

random-access memories (SRAMSs) due to their high mobility
[1]. However, a large OFF state leakage current is one of th
many problems for poly-Si TFTs. It has been reported that
a dominant leakage current mechanism is the field emissio
via grain boundary traps by a high electric field near the drain
[2]. Several structures have been proposed to suppress t
leakage current by reducing the drain electric field such as theE /
offset gated structures (offset TFTs) [3]-[6], the lightly doped B - 2 %
drain structures (LDD TFTs) [7], and the field induced drain Y
structures (FID TFTs) [8]. But additional photomasking steps
and ion-implantation steps are required in most of the above Metal pad to subgate overlapping area (Ay)
structures. The offset region of the offset TFT, the LDD region @

of the LDD TFT, and the FID region of the FID TFT will
introduce an extra series resistance to decrease the TFT ON
current [9]. Moreover, process damage would be caused by the
additional ion-implantation in the LDD region which can be
attributed to reason that the implanted damage can not be fully
annealed out in the low temperature procesg00) °C of the
poly-Si TFT. The misalignment problem would also occur with
an additional phto-masking step to form the offset region in the
offset TFT and the FID region in the FID TFT. It is desirable to
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= : In the OFF state, the main gate has a negative potential
§ .lg!,  channel ) e |
S g/ =5V (Vgs < 0), and the drain potential is positiv@ps > 0).
B 25 .\ =10V Therefore, the subgate potential determined by the previous
T 20 [I® = Conv.nonoffset TFT equation is smaller than the main gate potential. The drain
(] . <t New TFT . . .
c 15 | L =t0um L =5 um R=6) electric field can be reduced as compared to the conventional
£ 1] |2 _o_?ﬂi‘ftsﬂ nonoffset TFT, so that the new poly-Si TFT can acts as the
§ 051 ,Mg(o-o-o—o/a-ea—zs— offset poly-Si TFT in the OFF state if the area ratfd is

00kl Pnanceon A properly adjusted.
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In the ON state, both the main gate potential and the drain po-
tential are positivé Vs > 0, Vps > 0). The subgate potential
Fig. 3. OFF state electric along the channeVat = 5 VandVes = —10 IS almost equivalent to the main gate potential at Higly and
V for the conventional nonoffset TFT, the new TFT, and the offset TFT. Vps, So that the new poly-Si TFT behaves as the conventional
nonoffset TFT in the ON state.
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% 10" channel An B. Device Fabrication

% 10 -ft}’v 4 \ The main process sequences of the new poly-Si TFT are as

T o] Bmmesmmmensgp=0=0—a follows. First, an undoped 1004-thick amorphous silicon

g ] e Nooffset TFT («-Si) films are deposited on the 5080thick thermal oxide by

5 :X N et low-pressure chemical vapor deposition (LPCVD) at 58D

g } boooooo e Then thex-Si film is crystallized to become the polycrystalline
1011 - silicon film at 600°C for 24 h. After the active channel region
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Distance (um) has been defined, 488-thick gate oxide and 300.-thick

amorphous silicon gate are deposited and pattern&diop

Fig. 4. ON state electron concentration along the chanrighat= 5 Vand implantation (5x 10> cm~2, 50 KeV) is used to form the

Vas = 10 V for the conventional nonoffset TFT, the new TFT, and the offse§ource/drain regions foW-channel TFT. The 300\ -thick

TFT. passivation oxide is deposited and the dopant activation is

performed at 600 C for 24 h. Then a contact etch and an

In this work, we propose a novel poly-Si TFT with a subaluminum pad formation are carried out. The aluminum pads

gate coupling structure to reduce the OFF state leakage currgmt sintering in N gas at 400 C for 30 min. The conventional

without degrading the ON current. The OFF state leakage cwonoffset TFT is fabricated alongside of the new TFT. The

rent of the new TFT shows two orders of magnitude lower thajffset gated TFT is also fabricated with an additional offset
that of the conventional nonoffset TFT, so that the ON/OFF cufask. Finally, NH plasma treatment is performed on all

rent ratio is significantly improved. Moreover, the fabricatiogamples for 1 h at 350C.
processes of the new poly-Si TFT are fully identical with those
of the conventional nonoffset poly-Si TFT. I1l. RESULTS AND DISCUSSION

A. Device Simulation
Il. EXPERIMENT

The two-dimensional (2-D) simulation of the new poly-Si
TFT is carried out by MEDICI. Fig. 3 shows the simulated
Fig. 1 shows the schematic diagram of the new poly-Si TF&lectric field along the channel from the drain in the OFF state
The subgate is floating and its potential is controlled by the mafi,g = 5V, Vag = —10 V). It is observed that the maximum
gate potential'is, drain potential’ps, undoped channel poten-electric field of the new TFT is much smaller than that of the
tial Viyc, and doped channel potentighc. The subgate poten- conventional nonoffset TFT and only slightly higher than that
tial Vs can be expressed as of the offset TFT. Therefore, it is expected that the OFF state
1 leakage current of the new TFT is much lower than that of the
Vog = = (C1 - Vas + Co - Vs + C3 - Ve + Cy - Vo) conventional nonoffset TFT and is comparable to that of the
Cr offset TFT. Fig. 4 shows the electron concentration along the
whereCp = Gy 4+Cy+C5+C,y. Cy, Cs, Cs, andC, are the ca- channel from the drain in the ON stafés = 5V, Vgs = 10
pacitances between the subgate and the main gate, drain regidn] he electron concentration of the new TFT shows two orders
undopoed channel, and doped channel, respectively. Fig. 2¢nagnitude higher than that of the offset TFT and is compa-
shows the top view of the new poly-Si TFT. Figs. 2(b) and (dpble to that of the conventional nonoffset TFT. This implies that
show the cross-section views along the linkd’ and BB’ of the ON current of the new TFT should be much higher than that
Fig. 2(a), respectively. The paramet@ris defined as the area ©Of the offset TFT and almost identical with that of the conven-
ratio of Ayis/Asc whereAys is overlapping area between thelional nonoffset TFT.
metal pad and the subgate afgl: is overlapping area between
the subgate and the channel. The process sequences of thelrelyV Meéasurement
poly-Si TFT are the same as the conventional nonoffset poly-SiThe Ips-Vgs characteristics for the new TFT, the conven-
TFT. tional nonoffset TFT, and the offset TFT are compared in Fig. 5.

A. Device Structure
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Fig. 5. Ips—Vas characteristics for the conventional nonoffset TFT, the new

TET. and the offset TET ig. 9. Activation energy of the conventional TFT and the new TFIat =

1VandVps = 10 V.
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Fig. 6. Ips—Vas characteristics for the conventional nonoffset TFT, the new } - .
TFET with various area ratid, and the offset TFT. Fig. 10. Ips—Vus characteristics of the conventional TFT and the new TFT

with various combinations of main gate lendih; and subgate lengthsg .

1x10° 10°
g e o-o—oﬂﬁ—.-EF Itis also found that the ON/OFF current ratio is remarkably im-
g% e , E proved by two orders of magnitude in the new TFT.
> 07 e ey ./’Z,::mm ig Fig. 6 shows the effect of area ratibon Ips-Vs character-
%“ ] " ' E “’425 istics atVpg = 10 V. As R increases up to 30, the new TFT be-
§§ Optirum concliion (R =6 8*'-’3 haves as the conventional nonoffset TFT. On the other hand, as
& 10 ?::gg;rml_wmm) 2 R decreases downto 1, the new TFT acts as an offset TFT. Fig. 7
0" : : , 108 shows the OFF state leakage current measurégat= —20
w " v V and the ON current measured Bts = 25 V for various

_ _area ratiosk. The optimum condition of the new TFT can be
e e e e o " ehieved aft = G. Fig. 8 shows that the OFF state leakage cur-
rent of the new TFT measured¥ts = —20VandVgs = —5
V as a function of the drain potenti&iys. It is observed that
to® _.M_lmf:nmmm(mom o the OFF state leakage current of the new TFT _has less depen-
—=— oW TFT (L =50m, L =5um R=§) o~ dence or/pg than that of the nonoffset TFT. This is because the
' dependence of the drain electric field on the drain potential in

the new TFT is weaker than that in the conventional nonoffset
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ot * TFT. Fig. 9 shows the activation energy for the first new TFT
10 /./-"’_- ® n u .
10" g .%-/ and the conventional nonoffset TFT measuredat = 1V
et ./"' o5V andVps = 10 V with the temperature from 25C to 125°C.
0 I p The activation energy.sy is extracted from the equation of
Drain Voltage , V,,, (V) I = Ilyeexp(—FE v /kT), whereT is the absolute temperature

k is the Boltzman constant, adg is the pre-exponential factor.
Fig. 8. OFF state leakage current for the conventional nonoffset TFT and th¢s observed that the activation energy of the new TFT is higher
new TFT atVes = —20 VandVas = —5 V. than that of the nonoffset TFT in the OFF statd’at = 10 V

while the activation energy of the new TFT is identical with that
Itis observed that the ON current of the new TFT is almost idenf the nonoffset TFT in the OFF statelgis = 1 V. The reduc-
tical to the conventional nonoffset TFT and one order of magrtien of the activation energy of the conventional nonoffset TFT
tude higher than that of the offset TFT. The OFF state leakagehigh drain potentiat,s = 10 V in the OFF state can be at-
current of the new TFT is two orders of magnitude lower thatnibuted to the high electric field near the drain [11]. Therefore,
that of the conventional nonoffset TFT&ts = —20 V. Asthe it implies that the drain electric field of the new TFT is smaller
drain voltage is reduced tBps = 5V, the OFF state leakagethan that of the conventional nonoffset TFT in the OFF state.
current of the new TFT is almost same as that of the offset THig. 10 shows théps—Vs characteristics of the new TFTs with



CHANG et al. CHARACTERIZATION OF THE NOVEL POLYSILICON TFT 567

various main gate lengthis,; and subgate lengthiss;. They  Kow-Ming Chang (M'00) received the B.S. degree (with Great Distinction)

show almost identical OFF state leakage currents, while the csghemical engineering from National Central University, Chung-Li, Taiwan,

. R.0.C.,in 1977, and the M.S. and Ph.D. degrees in chemical engineering from
current is reduced for Iong channel. The OFF state |eakage CtHE'University of Florida, Gainesville, in 1981 and 1985, respectively, where his
rent of the new TFT is strongly determined by area rétio doctoral research concerned the processing technologies of compound semicon-

ductors.
In 1985, he joined the Department of Electronics Engineering and Semicon-
ductor Research Center, National Chiao Tung University (NCTU), Hsinchu,
IV. CONCLUSION Taiwan, where he is presently a Professor. From 1989 to 1990, he was a Visiting
Professor with the Electrical Engineering Department, University of California,

In this paper, a novel poly-Si thin film transistor with a subLos Angeles, where he was engaged in research on the system design of Electron
’ lotron Resonance Chemical Vapor deposition (ECR-CVD) for developing

gate coupling structure is proposed _and fabricated. The_ O )ézlow temperature processing technology. He was in charge of a 500 kev ion
state leakage current of the new TFT is greatly reduced withowblanter, a selective tungsten LPCVD system, and two UHV-ECR-CVD sys-

degrading the ON current. Moreover, the new TFT does not f&ms installed in National Nano Device Laboratory (NDL), NCTU. His current
’ search interests are in the physics, technologies, and modeling of heterojunc-

h . I
qU|r_e ar_‘y additional process steps to form the subgate and_ﬁ%ﬁdevices and optoelectronic devices, ULSI key technologies, CMOS devices,
fabrication sequences are the same as those of the conventian@iMEMS technologies. He has published over 150 articles in these fields and

nonoffset TFT. The ON/OFFE current ratio increased by two ofas served as a Reviewer for international journals such as IEEETEON
Device LETTERSand theJournal of Electrochemical Society

ders of magnitude can be obtained in the new poly-Si TFT. = Chang is member of Phi Tau Phi, AIChE, and the Electrochemical Society.
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