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Ultra-shallow (2O-nm-&ep), low-resistance (2.3 kO/sq) borondftrsed layers in Si ue

successfully formedby using a solid-phase diffusion technique. This sheet resisance is l/10
that of reported values at the samejunction depth. The key to ultra-shallow,low-resistance
junction formationis to controlboth thenative oxideatttre BSG/Si interface ardthedopant

concenEation in the BSG film. However, the thermal budgetshould be r€&rced to maintain

the desired profiles.

1. Introduction

As MOS &vice dimensions are scale 6wn to around

0.1pm, ultra-shallow (< 30-nm &ep), low-resistance (< 3
kCt /sq.) extendedparts of source/drain junctions (extension)

are nee&d to suppress short+hannel effects and refuce

parasitic resistance. However, it is difficult to fabricate such

junctions by implanting B orBF becauseof ion scauering

and channeling effects and the transient enhancBd diffusion

of boron. Soli&phase dfrrsion (SPD) from boro-silicate
glass (BSG) film (1)'(2) is a promising techniqre for
fabricating shallow junctions with low resistance. However,

the sheetresistance hasrecently beenreported tobe high (>

5 kQ/sq. for 34-nm doq junaions G) becarse the surface

concentration of boron is below the solid solubility G). In

this paper, we clarify the boron diffusion mechanismfrom

BSG film and we report on our ultra-shallow, low-
resistance junctions achieved by controlling native oxide.

2. Experimental

The steps of SPD ftom BSG film re shown in Fig. 1.

The substrates were n-type Si (100), 8-12 Q cm wafers.

Before BSG film deposition, the wafers were cleaned with
conventional chemical solutions and were dippd in HF

solution and &ionized water to remove the native oxi&.
The BSG film was &posited at 420C by atmospheric-

prcssure CVD.

Rapid thermal annealing (RTA) at over 900C and

fumace annealing at 800C were performed in N2 gas.

Dryth profiles of boron atoms were obtained by secondary

ion mass spectrometry (SIMS) with 1.5 keV Or*ions atan

inci&nt angle of 60' . The sheet resistance of the boron-

diffused layer was measured by using the four-point probe

metlnd.

annealing
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Fig. 1. Solid-phase diffusion of boron.

3. Results and discussion

The sheet resistance (ps) of the boron-diffirsed layer as a

function of annealing timeis shown in Fig. 2(a'b, c). It
decrcases with increasing annealing time (t) for every

sample and for all values of BO3 mol%o. It also &creases

with increasing $O3 mole concenfrations at constant

annealing time. On the other han{ the slope of the lines

increases (n > 0.5) with &creasing annealing ternperaturc

for the 10 and 18 mol%o samples, whereas it was 0.5 atall
annealing temperatures for the ?-6 mol%o samples. The

dryen&nce of the slope on the mol%o of the $Or and the

annealing temperafire is shown in Fig. 2(d). The slope (n)

approaches 0.5 with increasing mol%o. The equationps €
t'0's has been calculated for solidphase diffusion when the

surface concenuation is assumed to be constant (4) 
as

illustrated in Fig. 3(a). A slope higher than 0.5 suggests

ttrat the surface concentration is lower dring the initial
stage of annealing. This is probably because the native
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oxi& at the Bsc/si interfaoe acrs as a diftrsion brrier for
the boron, as illusrrarod in Fig. 3(b). The SMS &prh
profiles of the boron diftsed from 18 mol%o BSG film re
shown in Fig. 4. The surface boron concentration was
constant at higher annealing temp€,rarure (1050C) as
shown in Fig. 4(a), but it increased with inreasing
annealing time as shown in Fig. 4O). h the cases of the
high+emperature-annealed samples and heavily boron-
d@(26 molTo)-annealedsamles forwhich the slope is 0.5,
the melt-through effea (4, i. e., the mixing of BSG with
native oxide, redrres the native oxide barrier.

As shown in Fig. 40) (sample A), rhe surface
concentration (6x101' .r'r), which has almost the sarne
value of the solubility at this annealing temperature, is
higher than thereported value (2xlQte cm'3) (r). This shows
that the diffusion barrier is lower. As a result, ne obtained
a low-resistanoe (2.3 kO/sq), ultra-shallow (20-nm &ep;
junction &pth { &fined at 1x1018 cm't) borondiffused
layer, whose sheetresistance is l/10 thatof reportedvalues
at the same junction &pth, as shown in Fig. 5.

Fig. 6 shows junction dryth as a function of annealing
temperatur€, The available thermal budgu for 30-nm*ee
junctions is tlpically 8 s at 950C.
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4. Summary

In summary, ulha-shallow (20-nm deep), low-resistance
(2.3 k0/sq.) borondiffirsed layers were successfully formed
using a solid'phase diffusion techniqre. The key to ultna.
shallow, low-resistancejunction formation is to conrol ttre
BSG/Si interfrce mndfltions. However, the themral bu@er
should be rcduced to maintain the &siredprofiles.
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Fig.2. (a, Fr c) sheet resistance as a function of anneating time
and (d) dependence of slope on B2og mole concentration
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Fig. 3. Dependence of sheet resistance on annealing time:
(a) without native oxide, (b) with native oxide.
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Fig. 4. SIMS depth profiles of boron.
(a) surface concentration is constant during annealing,
(b) surface concentration is not constant during annealing.
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Fig. 6. Junction depth as a function
of annealing temperature.
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Fig.5. Correlation between sheet
and junction depth.
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