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Abstract: Device structure and fabrication process of SOl nMOSFET depleted partially are proposed for multi-giga—
hertz RI applications. Many advanced techniques for deep submiron MOSFETs are incorporated into the proposed
device. Main steps and conditions in process are given in details, with simulation and optimization by using the pro—
cess simulator, Tsuprem4. Experiment results of 0. 25um SOI RF nMOSFET are in consistence with simulated

ones, and excellent or acceptable parameters of device performance are obtained for multigigahertz RF applica—

tions.
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1 Introduction

Recently. the scaling-down of CMOS has re—
sulted in a significant improvement in the RF per—
formance of MOS devices. Consequently, CMOS
has become a viable option for analog/RF applica—
tions and RF system-on-a—chip (SOC) in multi—gi-
gahertz applications. CM OS technology has superi—
orities in mature process, low cost, and high inte-
gration density when compared with GaAs technol-
ogy, which is widely used in RF applications. On
the other hand, bulk silicon substrates suffer from
higher loss and inferior isolation, and passive de-
vices with high quality factor are very difficult to
integrate into such substrates. Thanks to the isola-
tion of buried oxide (BOX) layer, SOI devices ex—
hibits higher speed, and can partially overcome the
aforementioned issues, thus they are becoming in-
creasingly important in the RF research field' " .

The emphasis of previous work was on the
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values of the RF parameters, but balanced DC pa-
rameters were often neglected, and detailed steps in
process were seldom mentioned. However, for RF-
IC applications, DC characteristics are still impor-
tant. This paper describes detailed process of
0.25um SOI RF nMOSFET depleted partially,
which was validated by a process simulator before
device fabrication, and the device experiment ex-
hibits excellent or acceptable DC and RF perfor-

mance.

2 Device fabrication

The 0.25um gate length RF MOSFETs were
fabricated on SIMOX wafers from Ibis Tech.
Corp.., with material parameters as followings:
p(100), 15~ 25Q * em, 198nm silicon film, and
382nm buried oxide layer. Main processes were
based on the technology platform for 0. 1~ 0. 35um
CMOS integrated circuit developed in the Institute
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ences (IMECAS)"™ ", and some necessary adjust—

ments were adopted for SOI process. The main

steps in process are shown in Table 1.

T able 1

0.25um SOI RF nMOSFETS

Main steps in process for the fabrication of

Step

Condition

Field oxidation (LOCOS)

450" m

Pre-oxidation

Threshold adjusting implantation

Anti-punchthrough implantation

Nitrided gate oxidation

]5"11]

BF2. 80keV.2X 10" em™?
B. 70keV. 4% 10%em 2

5. 5nm

LPCVD poly-5i

300nm

Poly patterned with E-Beam

direct—=writing

JEOL JBX-5000LS tool,
SAL-601 photoresist

TEOS Si02 for sidewall 1
Extension implantation
TEOS Si02 for sidewall 2
S/D implantation

Body-contaet implantation

3UIIU]

As. SkeV.3.5X10%em " 2
250nm

As, S0keV, 4% 105¢m~ 2
BF2, 40keV, 5% 10%em™?

RTA

1015°C, 6s

Pre-amorphous implantation

Ge, 40keV, 3X10"em ™3

Ti sputtering

Ti, 25nm

RTA
Selective etching
RTA

Dualdayer-metallization

670°C, 55

880°C, 10s
TiN/AISi/TiN/Ti

Passivation

Since it provided excellent resolution but took
much time, E-beam direct-writing was only used in
poly-Si gate pattern, and I-ine optical lithography
was used in other layers, considering the trade-off
between precision and efficiency. Dual implants(B
and BF2) were used in channel engineering to form
retrograde doping profile for adjustment of thresh-
old voltage and minimization of short-channel ef-
fects(SCE). T hen, E-beam direct-writing technique
combined with wafer pretreatment in plasma of
CFa4 was the key factor of 0. 25um poly-silicon gate
pattern. Shallow extension junction of source/drain
(S/D) with high enough doping was requested for
slight SCE and low series S/D resistance, which
were acquired by combining low energy As im-
planting with rapid thermal annealing(RTA). Ti-
salicide with Ge pre-amorphous implant ( PAI) is
used to maximally minimize the parasitical resis—

tance of gate, drain, and source electrodes. For the

layout structures, the multifinger gate pattern was
used to reduce the gate parasitical resistance. T he
body-contact structure, by using the p-type implant
beside the channel, was employed to restraint float—
ing-body-effects, and the floating-hody device was
also fabricated for comparison. Planar spiral induc-
tors and metal-insulator-metal (MIM) capacitors,
which are important for RFIC, can also be intro-
duced into circuits by the following dual Al layers.
Before experiments, all steps in process shown in
Table 1 were simulated and optimized by using
'[‘suprem‘l-[sl, a two=dimensional numeric simulator

for semiconductor process.

3 Results and discussion

The SEM micrograph in Fig. 1 shows the
cross section of 0.25ym poly-Si gate, whose etch-
ing profile is strictly anisotropic and smooth. T he
simulated doping information is shown in Fig. 2 in-
cluding the doping profile of the channel, the ex-

tension, and the S/D regions. The y-axis is net im-

Poly gate

- fl L1
Hat, DOD 1%mm

JEOL 2 BKvV

Cross of SEM

Fig. 1
0. 25um poly-Si gate

section microgragh for
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Fig. 2 Simulated net doping profile along the dis—

tance
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purity concentration, i. e., the donor impurity con-
centration minus the acceptor impurity concentra—
tion, while the x-axis is distance from the Si/SiO:
interface. The S/D junction depth(x;) is 130nm or
so, while the extension is very shallow but its sur-
face is highly doped with a value of 5X 10" ¢m™’
(N ), which agrees well with measurement results

in Table 2. And the channel doping profile is retro-

grade as expected.

Table 2 Simulated and experimental results of strue-

ture and performance parameters of body-contact SOI
RF nMOSFET devices

R/ | RY | Va/ | gw/ Tort/
LTS x| N oea/
Parameter ; (= [(Q= [ (Q* |(mS=*| (nA -
/nm /nm| em”
oo ) o) am )| wem )
4.9
Simulation 17 | 133 6.5 7.1 | 0.51 - -
x 10"
5.0 0.4~
M easurement| 32 | 117 5~ 6|6~ 7 195 |< 0.05"
x 10" 0.45

1) Less than the noise current of the pr{lhe selup

The output characteristics of SOI body-con—
tact(BC) nMOSFET are shown in Fig. 3(a), while
Figure 3(b) depicts those of floating-body(FB) de-
vice for the purpose of contrast. The FB nMOS-
FET exhibits distinet kink effect even when Ve is
low as 1V: however, the BC device only begins to
show slight kink effect with relatively high V¢ and
Vb, but more insignificant when compared with
that of the FB device. For BC device, floating-body
effects are unable to avoid completely because the
channel are so wide ( 10um per finger) that the ef-
fect of body-contact is weakened by the resistance
across the channel. Nevertheless, the curves shown
in Fig. 3(a) are acceptable by and large. T he trans—
fer characteristics are shown in Fig. 4. From the
two curves with Vo bias of 0. 1V and 2V, some DC
parameters can be extracted: Vu = 0.45V, § =
84mV /decade, Vo= AVuw/AVo= 75mV /V, and T
< 0.05nA/um. All of these parameters are excel-
lent and comparable with previous literatures' ™.
Some other parameters are also summarized in
T able 2, and both simulation and measured results

are given by contrast. Acceptable consistence be-

tween simulation and measurement has been
achieved except for the discrepancy of the TiSi:
thickness: the measurement result (32nm) is much
thicker than the simulation one ( 17nm), and it is
presumably because the time of actual RT A pro-
cess was longer than that of simulation due to the

rise-time and fall4time of temperature.

Body—contacted device (8)
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Fig.3 Output characteristics of SOIRF nMOSFETs

(a) Body-contact—device; ( b) Floating-hody-device
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Fig.4 Transfer characteristics of SOI RF nMOSFET
The saturated transconductance extracted

from Fig. 3(a) is 195mS/mm, w hich is excellent for

2V bias. Then, the extrapolated cutoff frequency
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(f7) and maximal oscillation frequency (f ma) are
also acquired from Fig. 5. After the de-embedding
approach. fv is 17. 78GHz and f wa is 15. 03GHz, re-
spectively. Of course, these values are not very
high, possibly because of the Al-metallization, the
low -resistivity substrate and the parasitical capaci-
tance resulted from the lateral body-contact struc—

16.7]

ture "', but they are competent for multi-gigahertz

RF applications.
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Fig.5 Gain curves of SOI RF nMOSFET

4 Conclusion

In this paper., structure and process of SOI
nMOSFET, compatible with Si CM OS technology,
have been proposed for multi-gigahertz RF applica—
tion. Process steps and conditions were given in de—
optimization by
Tsuprem4, and 0. 25um SOI RF nM OSFETs were

fabricated. The measured structure parameters are

tails after simulation and

in consistence with simulated ones, and the body-

contact nMOSFET exhibits excellent DC charac-
teristics and acceptable RF performance. Such
structure and process of SOI nMOSFET are feasi-
ble for multi—gigahertz RF applications.
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