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Abstract—In this study the surface roughness of the silicon surface. Various material combinations and
contact windows in which the laser annealed shallow thicknesses are studied for the reflective and the iso-
junctions are formed is investigated. The contact Windqws lation layer, respectively. The effect of dry etching
are gtched through a stack_ o_f an alumlnllum reflecnve as compared to wet etching is examined.
masking layer on a silicon dioxide surface isolation layer. . . . .

Comparisons are made between different types of Al and F'_rSt _an overview is given of _the s_teps _Of the

oxide layers, as well as different layer thicknesses. Various fabrication flow of the shallow junction diodes.

combinations of dry and wet etching are examined and the Focusing on the etching step the ecthing experiment
preliminary results show that the etch procedure can be is described in the next section. Then we describe
tuned so that the resulting surface roughness is minimal. the surface roughness measurement methodology by
means of AFM and the surface roughness parame-
ters. Lastly the measurement results are described

Formation of shallow junctions is required fomnd a comparison is given.
the future CMOS generations, where scaling down
to dimensions below 0.13 microns will require Il. FABRICATION OF DIODES
source/drain junction depths shallower than 60 nm.The process flow for the fabrication of p diodes
Such junction depths can be achieved by implantiig shown in Fig.1. The same procedure is used for
low energy dopants and activating them by exciméte nfp diodes with an p-substrate. The starting ma-
laser annealing, whereby a thin surface region tisrial is (100) silicon wafers with a surface doping of
heated for such a short time that dopant diffusior®'” cm=3. A 300 mm thermal oxide layer is grown
is avoided. For high enough laser energy the faillowed by the deposition of 600 nm Al/Si(1%)
surface will be melted and during the recrystaks ELA reflecting masking layer. The diode and
lization process a very high level of dopant acubstrate contact windows are defined by plasma
tivation can be achieved. Since the melt tempegtching through the Al and oxide to the silicon.
ature of amorphous Si is much lower than th&efore implanting the contacts, a 3 min 0.55 % HF
of crystalline Si, the implanted, amorphized regiodip-etch step is performed. In this step the native
determines the necessary laser energy. Also, thdde in the contact windows is removed along with
uniformity of the implanted region is important forabout 200 nm Al/Si. To avoid the formation of a
the melt/recrystallization process. This uniformitpew native oxide, the p-type and n-type regions are
will largely be determined by the roughness of thienplanted immediately after the dip etch with BF
Si surface. and As", respectively, with an energy of 5 keV and

The surface roughness of the contact windovesdose of10!'®> cm™2, the ELA is performed with
is investigated in this study. The contact windowsnergies from 900 to 1100 mJ/émA 4 min HF
are etched through an aluminium reflective layelip-etch step is then performed to again remove
on a silicon dioxide surface isolation layer to théhe native oxide before the metallization. In this

|. INTRODUCTION
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TABLE |

BF,*
. LERRL ] e, PROCESSES AND PARAMETERS FOR EXPERIMENT.
s Process flow
oxide
n-sub 1. Isolation: thermal oxide or Reflective Iayer thickness (nm) 60 ‘ 100
oS Reflective layer material Al/Si(1%)
@ @ @ ELA 2. Reflective layer: Al or Al/Si(1%) -
sputtering Insulator layer thickness (nm 30 300

AI(S i ; - -
Ol(idse') & B o eamiEe windens Insulator layer material Thermaloxide TEOS

4. HF dip-etch -
n-sub 5. BF,* 5 keV implantation EtChlng dry wet

6. Laser anneal Al RIE, chlorine | phosphoric

7. HF dip-etch oxide RIE, fluorine BHF

Al(rSi) 8. Contact: 600 nm Al/Si
oxide 9. Alloy @ 400C, 30 min
TABLE I
n-sub
PROCESSES AND PARAMETERS FOR EXPERIMENZ.
Fig. 1. Schematic of the process flow for fabrication GfnpELA

Reflective layer thickness (nm) 30 70

Al/Si(1%)

Insulator layer thickness (nm 300
Insulator layer thickness

diodes. The scope of the present study is highlighted.

Reflective layer material pure Al

Thermal oxide

step most of the Al/Si mask is removed, and the

windows are contacted by sputtering and patternind  Etching hard Ianding‘ soft Ianding‘ wet landing

of a new layer of 600 nm Al/Si(1%). A 40C Al RIE, chlorine

30 min alloying step in forming gas completes the oxide RIE, fluorine, high power

processing. landing on Si| high power | low power BHF
plasma plasma

[11. ETCHING EXPERIMENT

The influence of some of the process parameters
SUCh. as the effe_ct of alloylng, the |anu§nce of Ollpdfeposit pure aluminium in the lab. The thicknesses
etching before implantation and the influence o

were chosen to meet the parameters of a process run

the masking layer were evaluated previously bé/?nducted in parallel with the tests. Comparison of

measuring basic diode characteristics [1]. Some flle surface roughness for plasma etching with and
the diode characteristics suggest that the surfac 9 P g

. e sunatfhout soft landing, and also for wet landing is
roughness of the contact windows has significan - : )
effect on the diode characteristics. Also, the unifoP < - Summarizing the studied cases:
: . L ' Case Surface roughness of
mity of the implanted region is important for the )
melt/recrystallization process. This uniformity will 1) Oxide, after Al layer etched off by plasma
largely be determined by the roughness of the Si2) Oxide, before landing, high power plasma
surface. 3) Si, high power plasma
There were two sets of experiments designed to#) Si, low power plasma (soft landing)
determine the roughness after etching in the contac®) Si» wet etched (wet landing)
windows. Firstly the oxide quality, thickness and
the reflective layer’s thickness were varied, see the
parameters in Table I. Results are shown for the fourThe surface roughness is measured by atomic
cases emphasized in the table in Section V. force microscopy (AFM) in the laboratory. The
Secondly the evolution of the roughness is studeanned base area was 5 x 5 faor all the mea-
ied during the etching processes, i.e. the surfaserements. The pre-processing of the data consists
roughness after Al removal in the oxide, deep iof compensating for waviness or any background
the oxide and finally at the Si surface. During thenvelope or skewness. Then the surface parameters
preparation of the experiment it was also possibleweere determined over the whole field, excluding

IV. SURFACE ROUGHNESSPARAMETERS
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Fig. 3. Dry etch (w/ soft landing) to wet etching. wl is Al/Si +
thermal oxide, w2 is Al/Si + TEOS layers on Si.

Fig. 2. The oxide surface after the reflective layer etched off.
V. RESULTS

The first experiment results are shown in Fig. 3.

extreme peaks in case. The following roughned§® RMS roughnessiz, values are very close to
parameters are determined: average roughness, R Other in any parameter combination of the first
mean square roughness and total roughness. ~ Set of experiments. Here results are only shown for
The average roughness is the area between the highlighted parameters in Table 1. Note that all
roughness profile and its mean surface, or ti@lues are very small, which means that both wet
integral of the absolute value of the roughne@éCh'ng and dry etching with soft landing result in a

profile height over the evaluation area. The averayg’y Smooth surface. However comparing the total
roughness is defined over an area by roughness values reveals that higher peaks (lower

valleys) are found on the surfaces in case of wet

1 A etching. Indeed, the etching did not go smoothly
Ra=~ /A |2 = 2[dA, 1) due to the wet etching of the Al/Si reflective layer,
. . . probably some Si precipitates from the Al/Si sep-

where A Is the surface area; Is the height arated on the Si surface. Also wet etching has an

parameter, the overscore d_e notes the mean V.alyﬁnfavorable effect on the small feature sizes, due to
The root mean square is a common statlstwl?%T
e

- o isotropic behavior.
parameter describing the scatter, and it is formulat P

he evolution of the surface roughness during
for the surface roughness measurements by o , : -
plasma etching in the oxide layer is shown in Fig. 4.

1 At this step the Al layer is already etched off. The

R, = \//(z — 2)2dA. (2) total roughnessf, is divided by 10 to match the
AlJa scale of the other parameters. The remaining oxide

The total roughness describes the whole rangetBfckness was 30 nm and 16 nm for wafer 3 and 4,

data over the measured surface, respectively. In general it shows that the deeper the
penetration the smoother the surface is, due to the
R, = | max 2 — min 2. ©) fact that approaching the silicon interface, and the

etching rate is smaller in a deeper hole.

Equations 1 - 2 are used to define the scatter as &he final surface quality for different etching
roughness parameter, and often used together wighshown in Fig. 5. Hard landing is etching the
Eq. 3, which would also reveal seldom high pealsxide with a high power plasma down to the silicon
or low valleys. surface. Soft landing is a two step process, where
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2 ‘ ‘ ; VI. CONCLUSION

[ I
- = The surface quality is studied for contact open-
] ings created by etching through a stack of layers.
e ] - The most favorable combination is a pure Al reflec-
o I tive layer, plasma etching with soft or wet landing.
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w3 top w3 bot wé top w4 bot

Fig. 4. Surface roughness in the top and bottom of the oxide layer
with plasma etching. w3 is pure Al + thermal oxide, w4 is Al/Si(1%)
+ thermal oxide on Si.
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Fig. 5. Hard, soft and wet landing compared. w3 is pure Al +
thermal oxide, w4 is Al/Si(1%) + thermal oxide on Si.

the plasma energy is lowered before reaching the Si
substrate, and in general it results into a smoother
surface. Wet landing is a two step process again,
where the high power plasma etching is followed
by a wet etching step in buffered hydrofluoric acid
(BHF). A short wet etching step is also for the
following implantation step. According to the results
it can increase the surface roughness when Al/Si is
used as a reflective layer.
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