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Abstract

The dc and RF characteristics of trigate poly-Si thin
-film transistors with different layout geometries are
investigated. To achieve the optimal RF performance,
devices with different layout geometries are compared.
A new tapered channel is also demonstrated for im-
proving high-frequency parameters in the saturation
region.

1. Introduction

Owing to the low-temperature and low-cost processes,
polycrystalline silicon (poly-Si) thin-film transistors (TFTs)
have been extensively studied for applications to large area
electronics and 3-D stackable circuit [1][2]. For higher
driving current and better RF performance, the gate length
of TFTs has to be scaled down, which leads to serious short
channel effect. Recently multi-gate TFT structures were
presented to enhance the gate controllability and suppress
the short channel effect [3]. Excellent electrical perfor-
mance was revealed for devices with the gate length scaled
down to 120 nm [3]. Moreover, with utilizing the la-
ser-processed and CMP-thinned techniques in the poly-Si
TFT process, a 6.8 GHz voltage-controlled oscillator was
reported [4]. It demonstrates that the poly-Si TFT technol-
ogy is feasible for low-cost RFIC application such as RF
identification (RFID) and wireless transceivers in Internet
of Things (IoT). In this work, we experimentally examine
the dc and RF characteristics of trigate poly-Si TFTs with
different layout geometries.

2. Device Structure

Trigate poly-Si TFTs were fabricated using a
through-silicon-via (TSV) free monolithic 3D-IC process
with a sub-20nm-thick channel [4]. For RF applications,
trigate TFTs were designed with a multi-finger gate and
multi-channel layout to reduce the gate resistance. The de-
vice under test features 20 gate fingers, each of which
crosses over 5 channels; thereby, the total channel number
is 100. Two type of devices are compared in this work. Fig.
1(a) shows the standard multi-channel TFT structure, which
has uniform channel width. To improve the RF perfor-
mance, we propose a tapered channel layout, where the
channel width increases gradually from source to drain.
Owing to the channel potential modulation, the carrier ve-
locity can be increased in the saturation region.

3. Results and Discussion

Fig. 2 shows the dc characteristics of trigate TFTs with
different source/drain (S/D) extension designs. These de-
vices exhibit excellent gate controllability (subthreshold
swing SS~100 mV/decade) with gate length of 120 nm. It is
the main merit of multi-gate devices. Additionally, we find
the drain current increases with increasing the extension
width (Wg) or decreasing the extension length (Lg), owing
to the reduction of parasitic S/D resistance. Lower parasitic
resistances also enhance the cutoff frequency (fr) and the
maximum oscillation frequency (fmax), as depicted in Fig. 3.
Less improvement is observed in devices with a larger Wk,
indicating the parasitic capacitances between gate and S/D
contact might be increased with Wg. Compared to the
state-of-the-art RF planar TFTs (fr=17 GHz, SS~300
mV/decade) [5], better gate controllability and RF perfor-
mances are obtained simultaneously in trigate devices.

Fig. 4 compares the output characteristics of trigate
TFTs with standard and tapered channel structures. The
average channel width is kept to the same for these two
samples. Higher drain currents in the saturation region are
observed in the tapered one because of the increase of
channel carrier velocity. The values of fr and fmx have also
been boosted in devices with the tapered channel (see Fig.
5). Compared to the standard device, the enhancements of
peak fr and peak fmax are 5% and 17%, respectively. More
improvement in fmax is related to the reduction of gate-drain
capacitance. It is another attribute of the tapered channel
with the channel potential modulation [6].

4. Conclusions

Trigate poly-Si TFTs exhibit better gate controllability
while retain as good high-frequency properties compared to
the planar counterpart. To further improve the RF perfor-
mance, one can reduce the Lg or utilize the tapered channel
structure according to our experimental results. The high ft
and fmax in our devices indicate the poly-Si TFT could be a
suitable candidate for low-cost RFIC applications.

Acknowledgements

This work is supported in part by the Ministry of Science and
Technology, Taiwan under contracts MOST 106-2221-E-492-033
and the Ministry of Education through the SPROUT Project-
Center for Smart Semiconductor Technologies of National Chiao
Tung University, Taiwan.

-795-



References

[1]S. Zhang et al., IEEE Trans. Electron Devices 47 (2000) 569. 40 30 §
[2] E.-K, Lai et al., IEDM Tech. Dig. (2000) 41. as| A’A—'A_A—A~A A—> 125 %
[3]1 K.-H et al., IEEE Electron Devices Lett. 34 (2013) 720. ~NA S
[4] F. K. Hsueh et al., IEDM Tech. Dig. (2017) 1. ¥l Qe=g=Q 120 o
5 Qe =W==( Q =l
[51 K. M. Chen et al., [EEE Electron Device Lett. 34 (2013) 1020. NG Q {15 @
. 2 . O 25 --— A.—.A—A—A e
[6] M. Shima et al.,” IEDM Tech. Dig. (2008) 453. § /6 O—O—O—o:%\A 1w s
g 20} é/.—. I—I—I—.s.\ 1s g
< 2
Gate Gate 5[ ===L_140nm, W,_40nm {0 g
] oW ] 3 10l =o=L 140nm, W 80nm | o 3
t E| i_L :]: LG 120 nm,VDS:ZV —A—LE 50 nm,WE40 nm 1 E
= I ] ] ] 5 R BT L
I —] 04 06 08 10 12 14 16 18 20 22 24
g I:l I I I:l % § I:l - — I:l % Gate Voltage (V)
3|00 5 3|00 5
° 0 T — 210 1] L Fig. 3 Cutoff frequency and maximum oscillation frequency of
(I [ [ ] L] trigate TFTs with different extension lengths and widths. The gate
' | ' — length and unit channel width are 120 nm and 40 nm, respectively.
@ (b) .
Fig. 1 Layout structure of multi-channel trigate TFTs in a unit cell L, =150 nm, V_, = 0~2V, step = 1V
with (a) standard and (b) tapered channel structures. or —=m=Standard Channel
8 mom Tapered Channel
< 7f ..........
6 £
OF L 1200m - = °r .j..
1r v =o012v {5 - o 5t Iy
01f $ . —_— g 3 af ‘..l
< 0.01 Y 14 @ £
\E, i '* R 4 ] 3 3F ;. ..........
S B/ - |, S of af guewsunens
g 1Eaf P“' ™ 4353 .'..I'
5 ....l = 1k o.
O 1E-5 ] 2 8 0 .l-.----.--m-....._
 1E6} 4' —" Lo 140nm, W 0nm 922 0.0 05 1.0 15 2.0 25
8 1E-7 * =e=Lc140nm, W, 80nm F Drain Voltage (V)
[ o 4E =a=L_ 50nm,W_40nm {1 g
1E-8 Adm . . . . .
1E-o ] ™ " 0 Fig. 4 Output characteristics of trigate TFTs with different chan-
-1.5 -1.0 -05 00 05 1.0 15 20 25 3.0 nel layout designs. The gate length and unit average channel width
Gate Voltage (V) are 150 nm and 50 nm, respectively.
(a)
10 30 259
I
[ ===L_140 nm, W, 40 nm o=O0=—0fQd=5—" e
] g L, 140 nm, W,_ 80 nm o~ \O\O 120 &
8 [ =A=L_ 50nm, W_40nm 2 N 25F /.—._. | L ~o 5
~ xxxxxxlll z ° e, o S
< TV, =0-2V,step=1V xxl . e ~e g
E 240 pammanmEEE 2 Ne 15
:/ 6k Q’ . g —O—O§ c
c c 20} 9-—.—.—. O\ o
o 5F . 3 /9 O =
5 8 e 108
3 a} i Q/Q 5
- e
s 3t ) 2 S 15} V=2V 2
= \.;:-;1'3‘11 5 s ~ 45 E
O 2 A& mﬁ.&l&&&&l’:":'-'-'-'-'i u o =e= Standard Channel 2
1k '.t. =O=="Tapered Channel %
10 1 1 1 1 1 1 1 1 1 1 O E
0 04 06 08 10 12 14 16 18 20 22 24
0.0 0.5 1.0 15 2.0 25
. Gate Voltage (V)
Drain Voltage (V)
(b) Fig. 5 Cutoff frequency and maximum oscillation frequency of

trigate TFTs with different channel layout designs. The gate
length and unit average channel width are 150 nm and 50 nm,
respectively.

Fig. 2 (a) Transfer and (b) output characteristics of trigate TFTs
with different S/D extension lengths and widths. The gate length
and unit channel width are 120 nm and 40 nm, respectively.
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