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We have proposed a novel dral gd€ CMOS teclrnology using low energy phosphorouvboron implantdion md es€nic pre-

amorphization. Byusing phosphorous ard boron ion ardanenic pre-amorphization, tlle she€trcsistance wasEduced andthe gate

polysilion &plaion was suppressed dre to high etivdion ratio comparcd with esenic ard BFr. As a result, high€r qln€nt

drivability for NMOS and PMOS was obtained. This process allows a subquarter micron dual-gate CMOS with high cunent

drivability, suppressing both boron penetration ard polysilicon depletion effect

1. Introduction
The &velopment of subquarter micron CMOS devioe

requires a fual-gate CMOS process, which allows surface

channel PMOS as well as NMOS. The fual-gate prccess

tra&offs in boron penetration for p*-polysilicon gate and

polysilicon depletion for n*-polysilicon gate. Much work

focuses on supprcssing boron penetration and p*-polysilicon

depletion with optimization of annealing time and

temperaturer-2). The purposeof this paper is to presentadual

gate CMOS process with high currentdrivability. It is found

that phosphoru s implantation decreases polysil icon depletion

effect compared with arsenic one in n*-polysilicon gate and

boron implantation combined with arsenic pre-amorphization

can supprcss both boron penetmtion and polysilicon

depletion in p*-polysilicon gate.

2. Experimental
The process sequenceis shown in Fig.l. Afterforming

field isolation, threshold voltage adjustment was canied out.

The thickness of gate oxide and gate polysilicon werc 6nm ad
200nm, rcspectively. The gate electro& was pattemed by

KrF excimer laser lithography. After thin si&wall oxi&
formation, prc-:rmorphization implantation (arsenic

60keV,3xl0racm-2) was performe{ followed by source/&ain

implantation (phosphorous I 0keV, 2-6x I 0r5cm-2; forNMOS.
The source/&ain implantation (boron lOkeV, 2-6xl0t5cm'2)

for PMOS was performed, followed by rapid thermal

annealing at 950-1050 oC.

Fig.l Process sequence of a new dual gate CMOS

3.Results and Discussion
The gate depletionindex Cinv/Cox forNMOS is shown

in Fig.2. The Cinv/Cox of phosphorous doped gate

electrode is higherthan that of arsenic one. The Cinv/Cox is
97Vo for phosphorous dopedgate and 93Vo foratsenic one ata
dose of 4x10r5cm-2. The gate &pletion in&x Cinv/Cox for
PMOS is shown in Fig.3. The &pletion effect of the gate

polysilicon of PMOS with boron doped gate was successfully

suppressed compared with BF, doped gate. The Cinv/Cox for
arsenic pre-amorphized boron doped gate reaches 94 Vo at a dw
of 4xl0r5 cil-2, while the Cinv/Cox forBF, dopedgate isgOVo.
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Fig.4 Dependence of flatband voltage shift on anneal

temperature for different implant ions.

Fig.5 shows the sheet resistance of polysilicon gate

electro& for NMOS. The sheet resistance of polysilicon

using phosphorous ion is lower than that of anenic ions.

The sheet resistance of polysilicon for PMOS is shown in

Fig.6. The sheet resistance of polysilicon using boron ion is

lower thanthat of BF, ion. Theseresults areconsistent with

&pletion in&x for N and PMOS's, which indicate that the

suppression of depletion effect is fue to activation of
impurity ions.
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Fig.2 Gatedepletionindex cinv/cox as a functionof implant

dose for different implant ions.
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Fig.3 Gate &pletion in&x Cinv/Cox as a function of

implant dose for different implant ions.

Fig.4 shows the flatband voltage shift of PMOS as a

function of annealing tempemture. The flatband voltage

shift of polysilicon gate using BF, ion.is higher than that of

boron and arsenic ions. The previous work shows that boron

doped gate with Si pre-amorphization supprcsses the boron

penetration3). It is found in this work that the flatband

voltage shift for boron doped gate with anenic pre-

amorphization is smaller than that of BFr doped one at the

same gate implant, indicating that boron penetration can be

suppressed by arsenic pre-amorphization and boron

implantation.
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Fig.5 Sheet resistance as a function of implant め se

different ilnplant ions.
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Fig.6 Sheet resistance as a function of implant dose for

different implant ions.
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Threshold voltage sift dre to the short channel effect is
shown in Fig.7 for NMOS and in Fig.8 for PMOS. The

threshold voltage lowering is occuned at a eflective channel

length of 0.4pm for phosphorous and 0.3pm for arsenic

source/drain. The threshold voltage lowering is observed at a

effective channel length of 0.3pm for boron and BF,
source/drain.

011

0。0

‐0日 1

‐0口2

口0。3
0.0 0口2   0口4   0口6   0口 8   1。0

Ler om)

Fig.7 Threshold voltage shift due to short-channel effect.
AVt=Vt(Leff)-Vt(hff=1um) Vd=2.S(V)
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Vd=2.5(V) Vg=Vt-2.0(V)
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Fig.8 Threshold voltage shift due to short-channel effect.
Avt=Vt(Leff)-Vt(I*ff=lum) Vd=2.5(V)

The &ain saturation currents for NMOS at VG2.5V,
Vg:Vt+2.OV are shown in Fig.9. The saturation current
using phosphorous ion is higher than that of arsenic ion.
The &ain saturation cunents for PMOS at VF2.5V,
Vg:Vt-2.OV arc shown in Fig.l0. The saturation current
using boron ion is higher than that of BF, ion. These

higher current &ivability for NMOS and PMOS is dre to
suppression of polysilicon &pletion in the gate electro&
formed by using phosphorous and boron ion.
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Fig.10 Dnain saturation current as a function of effective
channel length for different implant ions.

4. Conclusion
We have proposed a novel dral gate CMOS technology

using low energy phosphorous/boron ions and arsenic pre-
amorphization. This process allows a sub-quarter micron
fual-gate CMOS with high cunent divability, suppressing
both boron penetration and polysilicon depletion effect.
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Vd=2。5(V)Vg=Vt+2.0(V)

W=10um
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