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Abstract A simple process to fabricate double gate SOI MOSFET is proposed. The new device structure utilizes the bulk diﬀusion layer as the bottom gate. The active silicon ﬁlm is formed by recrystallized amorphous silicon ﬁlm using metalinduced-lateral-crystallization (MILC). While the active silicon ﬁlm is not truly single crystal, the material and device characteristics show that the ﬁlm is equivalent to single crystal SOI ﬁlm with high defect density, like SOI wafers produced in early days. The fabricated double gate MOSFETs are characterized, which demonstrate excellent device characteristics with higher current drive and stronger immunity to short channel eﬀects compared to the single gate devices.  2004 Elsevier Ltd. All rights reserved. Keywords: SOI MOSFET; Double gate; Recrystallization



1. Introduction The mainstream CMOS technology for integrated circuits has been scaled for many years, and it is quite clear that the trend will continue for several more technology generations. Scaling beyond sub-50 nm, however, has been shown to be diﬃcult and double gate MOSFET on silicon-on-insulator (SOI) ﬁlm is considered as the future technology to pick up the mainstream manufacturing due to its immunity to short channel effects [1,2]. On the other hand, there is comparatively less attention to the study of double-gate device than other advanced device structures. It is mainly due to the dif-
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ﬁculty to fabricate experimental double gate devices. Most of the studies on double-gate device physics have to resort to 2-D or 3-D device simulator and experimental validation is usually not available. In this paper, we have developed a simple method to fabricate experimental double gate MOSFETs on a recrystallized amorphous silicon ﬁlm (referred as large grain polysilicon-on-insulator or LPSOI ﬁlm [3]) using nickel as the crystallization agent. As simplicity is the main objective, the bottom gate is larger than the top gate and is not self-aligned. A self-aligned process is possible, with the cost of much higher complexity [4]. The technique is general enough that other recrystallization methods such as selective epitaxial lateral overgrowth [5] or laser recrystallization [6] can be used. The characteristic of the LPSOI ﬁlm is similar to the SOI ﬁlm, except for higher defect density, like SOI wafers produced in early days. Thus, all physical properties of double gate SOI devices are preserved. Compared with
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single gate MOSFETs, double gate MOSFETs displays higher subthreshold slope and lower threshold voltage, leaving a larger operation margins with supply voltage scaling when the same Ion =Ioff ratio is maintained. The better immunity to short channel eﬀects such as draininduced barrier lowing (DIBL) is observed. The current drive of the double gate MOSFETs is found to be higher than the sum of currents from the top and bottom channel which is caused by channel coupling [7].



2. Device structure and fabrication Fig. 1 shows the process to fabricate the double gate devices starting from a normal p-type bulk wafer for N  buﬀer oxide was ﬁrst grown channel MOSFETs. 250 A  nitride. Semifollowed by the deposition of 1100 A recessed LOCOS process is used to isolate and deﬁne the bottom gate, which would give a more planar surface



Fig. 1. Key steps in the fabrication process of the experimental double gate LPSOI MOSFET.



and at the same time reduces the extension of the ‘‘bird beak’’. The bottom gate is designed to be wider than the channel region to guarantee the bottom gate extends over the entire channel and avoid the bird beak to extend to the channel. It is followed by the bottom gate implant. The dose and energy should be carefully selected to avoid oxide quality degradation associated with thermal oxidation from heavily doped substrate. In our process, the dose and energy used are 8 · 1014 cm2 and 60 keV respectively. After forming the bottom oxide by thermal oxidation from the bottom gate, amorphous silicon is deposited to form the body of the double gate  MOSFET. The thicknesses used are 500 and 1000 A. Nickel-induced recrystallization is followed to recrystallize the amorphous silicon layer at 580 C for 24 h to guarantee large enough grain of more than 100 lm. With more optimized process, this long annealing time can be reduced to a few hours and still achieve similar result [8]. After nickel removal, the wafers are annealed in N2 ambient at 850 C for 30 min. The subsequent process follows that of a standard CMOS process. The ﬁnal structure is shown in Fig. 1(g). Compared with the gate-all-around process on recrystallized ﬁlm reported before [9], the process is more ﬂexible especially in the fabrication of wide devices and asymmetric double gate structures with diﬀerent top and bottom gate oxide thickness. The top and bottom gate can be connected or separately biased by using diﬀerent layout method. This process is also extendible to fabricate device with ﬁlm thickness below 50 nm with improved ﬁlm quality [10]. The process is much simpler than the most commonly used process to fabricate double gate MOSFET such as the selectively epitaxial lateral overgrow (SELO) [11]. The SEM cross-section of the double gate MOSFET is shown in Fig. 2.



Fig. 2. SEM picture showing the cross-section of the experimental double gate LPSOI MOSFET.
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3. Results and discussion The double gate MOSFETs fabricated in our exper iment has asymmetric gate oxide thickness with a 130 A  bottom oxide. Single gate top oxide and a 280 A MOSFETs on LPSOI and SOI ﬁlms are also fabricated  gate oxide thickness for comparison. To with 130 A verify the ﬁlm quality over a large area, a number of large (10 lm/10 lm) single gate MOSFETs on the LPSOI and SOI ﬁlms are compared to calibrate the performance degradation due to the material quality diﬀerence. The ID vs VDS characteristics of various single gate and double gate devices are shown in Fig. 3. From the graph, it can be shown that devices fabricated on the LPSOI ﬁlm are just similar to that on SOI ﬁlm even for large devices. A 20% reduction in mobility is observed



Fig. 3. ID –VDS characteristic of long channel (10 lm) single gate and double gate LPSOI MOSFET ðTSi ¼ 100 nm) together with that of a single gate SOI MOSFET for comparison.



Fig. 4. Subthreshold characteristics of long channel (10 lm) single gate and double gate LPSOI MOSFET ðTSi ¼ 100 nm) together with that of a single gate SOI MOSFET for comparison.
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due to the slightly higher defect density, and the diﬀerence diminished at small dimension and the device characteristics of the single gate LPSOI MOSFETs becomes identical to that of SOI MOSFETs when the dimension is reduced to below 1 lm. The measured mobility and saturation drain current are 373 cm2 /V s and 200 lA/lm respectively at VG  VT ¼ 1:55 V when L equals to 0.25 lm. The breakdown ﬁeld of the front and back gate oxide are also measured and found to be ranging from 8 to 10 MV/cm indicating reasonable oxide quality is achieved despite the incorporation of little nickel in the channel. Comparison between single gate and double gate devices are then performed. As shown in Fig. 3, the total current from the double-gate device is less than two times that of the single gate device due to the thicker bottom gate oxide, but it is already higher than the total sum of the top gate and bottom gate MOS currents. Fig. 4 demonstrates the ID –VG of the fabricated LPSOI SG, LPSOI DG and SOI SG MOSFET characteristics. The turn-on voltages are both 1.1 V for SOI and LPSOI SG MOSFETs while it is 0.88 V for LPSOI DG MOSFETs. The measured subthreshold slopes are 141, 102, 68 mV/ dec respectively. Due to the higher defect density in the LPSOI ﬁlm, the subthreshold characteristics of the LPSOI MOSFETs are poorer than that of SOI MOSFETs. But the resulting values are still reasonable, and the improvement in of subthreshold slope due to the backgate coupling eﬀects in LPSOI DG MOSFET is clearly observed. As the coupling eﬀect is more dominant at thin silicon ﬁlm, stronger enhancement in current is obtained by using thinner silicon ﬁlm. This is observed when we compare the turn on characteristics of LPSOI SG and DG MOSFETs with diﬀerent channel thickness in Fig. 5. The S-factors of SOI SG, LPSOI SG, and LPSOI DG MOSFETs with 100 nm channel ﬁlm thickness are 88, 112 and 89 mV/dec respectively. When



Fig. 5. Subthreshold characteristics of short channel (0.25 lm) single gate and double gate LPSOI MOSFET together with that of a single gate SOI MOSFET for comparison.
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Fig. 6. The threshold voltage shift due to DIBL from single gate and double gate LPSOI MOSFET ðTSi ¼ 100 nm) as a function of eﬀective channel length.



the ﬁlm thickness is reduced to 50 nm, the S-factors of the LPSOI SG and LPSOI DG MOSFETs become 107 and 82 mV/dec. Fig. 6 shows the threshold voltage shift as a result of drain-induced barrier lowering (DIBL) in single gate and double gate devices. The DIBL voltage shift of double-gate device is much smaller than single gate MOSFET. Also the signiﬁcant increase in voltage shift of single gate device begins at eﬀective channel length ðLeff Þ of 0.65 lm, while the double-gate device maintain a low DIBL voltage shift until Leff is reduced to about 0.35 lm. It veriﬁed that the double gate MOSFETs has better immunity to short channel eﬀects even with a thicker bottom gate oxide. It is due to the eﬀective shielding of the fringing E-ﬁeld from the bottom surface in a double gate structure [12].



4. Conclusion A simple process to fabricate double-gate device from bulk wafer is presented. The device performance is similar to double-gate device fabricated on early day SOI ﬁlms with higher defect density. With the reduction of device dimension, the MOSFET fabricated by this method becomes identical to the double gate SOI MOSFET. Due to the simplicity of the process, it is perfect for fabricating experimental devices for the study of double-gate device physics.
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