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Abstract—A  40-nm-gate-length  ultrathin-body (UTB) L.E-03
NMOSFET is presented with 20-nm body thickness and 2.4-nm _
gate oxide. The UTB structure eliminates leakage paths and is g I
an extension of a conventional SOl MOSFET for deep-sub-tenth i LE-05
micron CMOS. Simulation shows that the UTB SOI MOSFET =
can be scaled down to 18-nm gate length withk<5 nm UTB. A 81E_07 L
raised poly-Si S/D process is employed to reduce the parasitic E '
series resistance. Lc) — Tsi=3nm
_ 5 1.E-00 Lg=18nm{ —Tsi=Snm
Index Terms—CMOS, deep-sub-tenth micron, gate work func- A - - - -Tsi=7nm
tion engineering, MOSFET, raised poly-Si S/D, short-channel ef- 4 Lg=30nm - Tsi=Snm
fect, SiGe, SOI, ultrathin-body. LE-11 ! L L L
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|. INTRODUCTION Gate Voltage [V]

ULLY depleted silicon-on-insulator (SOI) technologyrig. 1. Impact of body thickness on ttig, -V, characteristics of UTB SOI

has the advantages of lower junction capacitance affyice: Cor = 1.5 nm, Noyp = 1¢15 [em=7], Vo, = 1 V).
better subthreshold swing [1]. However, the conventional fully
depleted SOI MOSFET is known to have worse short-channel
effects than bulk MOSFET's and partially depleted SOI
MOSFET's [2]. Fig. 1 shows that the UTB SOI device can
be scaled down to 18 nm witkk5 nm body thickness. The
ultrathin-body (UTB) structure eliminates the leakage paths
between source and drain [3]. Nearly all the leakage current at
Vy = 0intheT,; = 7 nm flows along the bottom 2 nm of the
body, which is least strongly controlled by the gate. Therefore,
by eliminating tr_]is 2nm,i.e., mgkir@i =5nm redyces the Oxide \\\\ \\ §
leakage by 30 times. The data in Fig. 1 were obtained through § § \\ ]
device simulation (MEDICI) assuming a low and uniform body L = m

. 15 3 . . . . V770000000 .,  :.:: .@ .\
doping (0> cm~*) and simple Gaussian S/D doping profiles

(peak concentration ¥02° cm—2, surface doping concentration (b)
under the gate edge %1 x 10'® cm—3). An energy balance
model without quantum effect consideration was used. Work
function for gate elctrode was assumed to be 4.74 eV. It
meets the goals 0&3 nA/lum I,z and >600 uA/um/,, for

L, = 18 nm with 1.5-nm gate oxide. The good short-channel
effects can be seen by comparing the 18 and 30 nm gate curves (©)
in Fig. 1 (both having the sanmg;)—AV; is only 45 mV.
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Fig.2. Processflow of UTB SOl MOSFET (a) after active and gate patterning,
(b) after oxide spacer formation and poly-Si deposition, and (c) after cap
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poly-SiGe was adopted as a gate material because the work 0.1 |
function can be adjusted with the Ge mole fraction [4]. There- 0.15 7
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fore, the channel can be lightly doped to eliminate the dopant
(V;) fluctuation effect in nano-dimension devices. A high tem-
perature oxide (HTO) hard mask over the gate was employed.
All masking steps were done by i-line lithography. The gate
pattern was deflned_ first Wlth _|-I|ne stepper. The resist pattegiwg_ 4. Measured UTB SOI n-MOSFET: (&), V., characteristics and (b)
was reduced by resist ashing in @lasma and then transferreday, v, characteristics of 40-nm effective channel length.

into the hard-mask oxide. The oxide hard mask pattern was
then reduced by HF etching before it was transferred to the

poly-SiGe [Fig. 2(a)]. Oxide spacers were then formedsitu 8:2 L

doped poly-Si was deposited and patterned with the same ac- — 04 r

tive area (thin-body) mask [Fig. 2(b)]. A thin cap oxide was de- Z O'(z) i

posited over the poly-Si. A resist-etch back process was used S .02 /g‘\’
to etch away the top portion of the poly-Si and form the raised < 04 F

poly-Si [Fig. 2(c)], which is self-aligned to the gate to reduce 1323 I .
parasitic resistance. Fig. 3 shows the cross-sectional TEM of a 40 90 140 190 240 290 340

device that has 40 nih,,. Gate Length [nm]
ate L.en nm

lll. RESULTS AND DISCUSSION Fig. 5. Measured threshold voltage dependence on the channel length.

Typical 1,,—Vy, characteristics of the 40 nm channel length
device are shown in Fig. 4(a), and Fig. 4(b) shows that DIBL
is suppressed. The subthreshold swing is 87 mV/dec. Gpod
roll-off characteristics are shown in Fig. 5. The total parasitic se- An ultrathin-body SOl MOSFET is demonstrated as a
ries resistance was determined to be 22@@n by plottingV’/I  promising device structure for deep-sub-tenth micron CMOS
versusL,. It is high because the S/D extension doping procetschnology. 40-nm channel length was achieved with the UTB

IV. CONCLUSION

was not optimized in this experiment. which suppresses the short-channel effect. 18 nm-gate-length

In short, the UTB MOSFET with self-aligned raised poly-SCMOS can be attainable #5 nm ultrathin-body is used.
S/D shows well-behaved current-voltageM) characteristics
at sub-50 nm devices. The special features of the new device

structure are the following.
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