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Controllability of self-aligned four-terminal planar embedded metal
double-gate low-temperature polycrystalline-silicon thin-film transistor
on a glass substrate

K 9L e & K EE* JiOB N
Hiroki Ohsawa Shun Sasaki Akito Hara

Abstract:

Self-aligned four-terminal n-channel (n-ch) and p-channel (p-ch) planar embedded metal

double-gate polycrystalline-silicon (poly-Si) thin-film transistors (TFTs) were fabricated on a glass
substrate at a low temperature of 550 °C. This device includes a metal top gate (TG) and a metal bottom
gate (BG), which are used as the drive and control gates or vice versa. The BG was embedded in a glass
substrate, and a poly-Si channel with large lateral grains was fabricated by continuous-wave laser
lateral crystallization. The threshold voltage modulation factors under various control gate voltages (y =
AVw/AVcc) were nearly equal to the theoretical predictions in both the n- and p-ch TFTs. By exploiting
this high controllability, an enhancement depletion (ED) inverter was fabricated, and successful

operation at 2,0 V was confirmed.
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Fig.1. (a) Top view of a completed 4T self-
aligned planar E-MeDG CLC LT poly-Si TFT, (b)
gate stack of the 4T self-aligned planar E-MeDG
CLC LT poly-Si TFT, and (¢) process flow for the
4T self-aligned planar E-MeDG CLC LT poly-Si
TFT.
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Fig. 2. (a) Optical photograph of a lateral poly-Si
film on the BG. Secco’s solution was used as the
etchant to observe the grain boundaries. (b)
Enlarged image around channel region.
Copyright (2016) The Japan Society of Applied
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Fig. 3. Transfer characteristic of n-ch 4T self-aligned planar E-MeDG CLC LT poly-Si TFTs. (a) Transfer
characteristic of the TG drive for various BG voltages. (b) Transfer characteristic of the BG drive under
various TG voltages. Bold red solid lines in each figure show the transfer characteristic of the connecting
double-gate mode. Copyright (2016) The Japan Society of Applied Physics
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Fig. 4. Transfer characteristic of p-ch 4T self-aligned planar E-MeDG CLC LT poly-Si TFTs. (a) Transfer
characteristic of the TG drive for various BG voltages. (b) Transfer characteristic of the BG drive under
various TG voltages. Bold red solid lines in each figure show the transfer characteristic of the connecting
double-gate mode. Copyright (2016) The Japan Society of Applied Physics
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Fig. 5. Vi variation as a function of V¢ for (a) n-
ch 4T self-aligned planar E-MeDG CLC LT poly-
Si TFT and (b) p-ch 4T self-aligned planar E-
MeDG CLC LT poly-Si TFT. y is defined as y =
| AVi=AVee .
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Fig. 6. Subthreshold slope (s.s.) variation as a
function of V¢g for (a) n-ch 4T self-aligned planar
E-MeDG CLC LT poly-Si TFT and (b) p-ch 4T
self-aligned planar E-MeDG CLC LT poly-Si
TFT.
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Fig. 8. Performance of ED inverters under
various values of Veg: (a) layout of TG-drive ED
inverter and (b) inverter characteristic for various
control gate voltages.
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Table |. Comparison of y values for n-ch TFT. Vyp5=-0.95 V.
Copyright (2016) The Japan Society of Applied Physics

TG drive (BG control)

BG drive (TG control)

Vee<Vinoe

Vee>Vinoe

V16<Vinng

V16>Vinne

Theory

0.43

0.67

1.5

23

Experiment

0.44

0.52

1.6

2.1

Table |l. Comparison of y values for p-ch TFT. Vpe=-4.4 V.
Copyright (2016) The Japan Society of Applied Physics
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