acta phys. slov. 41 (1991), No. 5.6

INFLUENCE OF FREQUENCY OF RF DISCHARGE
ON REACTIVE ION ETCHING
OF TRENCH STRUCTURESY

HASCIK, $.2), HORNIAKOVA, A.?), HURAN, 1.2), Bratislava

In this work we investigated reactive ion etching of trench structures in
the gases CCLLF; and CBrF; in the frequency range from 20 kHz to 13.56
MHz at different RF powers of the discharge (100 W, 150 W). The influence
of the changes of these parameters on the etching process properties (etch rate,
selectivity, anisotropy) was investigated.

L. INTRODUCTION

Today trench structures play an important role in semiconductor technology.
In order to get a high packing density of electronic circuits it is necessary to use
the third dimension. ‘

One application of those trenches in Si is the dielectric isolation of bipolar and
CMOS circuits.

The other main application is for storage capacitors of modern DRAM’S [1].

In particular, a bipolar device need a deep (over 5 pum) trench for a high
breakdown voltage and a high packing density. These applications require smooth,
slightly tapered, and round bottom trenches (Fig. 1).

It is necessary to refill the trenches easily with Poly-Si, to prevent the stress
in trench isolation and to obtain high quality silicon dioxide.

These demands can be accomplished by a reactive ion etch process, with chlo-
rine - or bromine - based chemistries.

In this work this new dry etching process for bulk silicon with emphasis on
the investigation of the frequency influence on etching of trenches is reported.
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Fig. 1. Cross section of a high quality ?n:nm. etch. . 1
A trench etch should have the following attributes: #

The parameters 1,2 and should all be indepen- o g
dently controllable. \\ ‘
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Fig. 2. Dependence of selectivity S, silicon etch rate r,, and oxid etch rate rsio, on the
ig. 2.
m—.mmasmunw. RF power in CB1F; (p=10 Pa, P=100 W).

II. EXPERIMENTS

For the experiments a planar single wafer etcher, er 01 5. RIE Boﬁwm.iwm
ed. The etching chamber itself and the electrodes consist of m:o%smwmﬂ—:EEEE.
:m ’ 3 - - . EB-
i des is 24 mm and their diameter 1s
The distance between the electro .
1 tary pumps, a Roots pump an
The vacuum system consists of ro
Before the reactive gases were admitted the reactor was pumped to a background

£ 2x10~2 Pa (with the cold trap use). . .
vnommﬂf” M_oo% CBrF3 M:Q CCL,F; as the process gas as 1t forms polymer sidewall

i i tch anisotropy.
that are mainly responsible for e
m_Em‘Ho obtain the best reproducibility of the process orm.w_aannommm r.m& to Nm kept
t 20°C. The pressures in the chamber during the etching process in both gases
al .

ere 10 Pa and 30 Pa, the gas flow was 30 cm®/min. We changed the frequency
w )
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d)

Fig. 2 a)b)c)d)e). Etching profiles of trench structures at frequencies 20 kHz, 45 kHz,
100 kHz, 1 MHz, 13.56 MHz, respectively (CBrFs, p=10 Pa, P=100 W)

between 20 kHz and 13.56 MHz and the RF power of the generator (~1500 V) was
100 W and 150 W. The wafers were put on the powered electrode. The ratio of the
area of the powered electrode and the ground areas (ground electrode and chamber
walls) is 0.35. The substrate material and double-layer etch mask are (111) silicon
and silicondioxide (1800 mm) with LP CVD nitrid (120 nm) respectively.

ITI. RESULTS AND DISCUSSION

a) Etching in CBrF5
In the low frequency range (20-100 kHz) there was a negligible influence of
frequency on the silicon etch rates, but we observed a significant influence on the

oxide etch rates. The highest increase of the silicon etch rate

(riooksz — T208H2)
was 50 nm min~! (Fig. 2).

The selectivity § = 7si/Tsio, reached peak values at the frequency f=20 kHz.
Then it decreased with Increasing frequency.

In the frequency region (1.6 MHz and 13.56 MHz) the silicon etch rates reached
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Fig. 3. Dependence of selectivity S, silicon etch rate r,, and oxid etch rate rsi0, on the
frequency RF power in CBrF3 (p=30 Pa, P= 100 W).

e)

Fig. 3 a)b)c)d)e). Etching profiles of trench structures at frequencies 20 kHz, 45 kHz,
1 MHz, 13.56 MHz respectively (CBrF3, p=30 Pa, P=100 W)
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Fig. 4. Dependence selectivity S, silicon etch rate rs; and oxid etch rate rsio, on the
frequency RF power in CBrF; (p=30 Pa, P=150 W.) ’

d) . e)
Fig. 4 a)b)c)d)e). Etching profiles of trench structures of frequencies 20 kHz, 45 kHz,
100 kHe, 13.56 MHz, respectively (CBrFs, p=30 Pa, P=150 W)
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Fig. 5. Dependence of selectivity 5, silicon etch rate rs; and oxid etch rate rsio, on the
frequency RF power in CCl:F2 (p=10 Pa, P=100 W).

_ d) e)
Fig. 5 a)b)c)d)e). Etching profiles of trench structures of frequencies 20 kHz, 45 kHz,
100 kHz, 1 MHz, 13.56 MHz, respectively (CCOL:F2, p=10 Pa, P=100 W).
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Fig. 6. Dependence of selectivity S, silicon etch rate rsi

and oxid etch rate rs;0, on the
frequency RF power in CCL:F; (p=30 Pa, P=100 W).

g

Fig. 6 a)b)c)d)e). Etching profiles of trench structures at

{requencies 20 kHz, 45 kHz,
100 kHz, 1 MHz, 13.56 M

Hz, respectively (CCl,;F2, p=30 Pa, P=100 W)
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extreme values, the lowest was 130 nm min~! at the ?oa:.o:& f=13.56
(Fig. 2) and the highest was 460 nm min~! at f=1.6 MHz (Fig. 4). P
The selectivity at high frequencies was the same as that at low
b) Etching in CCl;F, o N
v In nrM low frequency range the frequency has a negligible influence on e e
ilicon and oxide etch rates. .
o In the high frequency region the silicon etch rate amwnr& the highest wm_”-”
(320 nm min~!, Fig. 5). However, the values of the Si and the 5i0; manr”wa”mm”wonm
* low: h rates under identical coO
CCl,F5 are lower than the values of the etc ;
W.WMra mmnh qunmau. The selectivity in CCloF; decreased with frequency slower than
the selectivity in CBrF3. ) .
The etching profiles are in Fig. 2,3,4,5,6 vvvvnv&wv. We owmons& arM h:ﬁH*me
of m_.oa.smunw on the profiles of the trenches. The required m:w_:i of tren rvmﬁco-
used in VLSI was achieved in cases 2b, 4d, 5b. The etching of the pnwsmmmim:m
tures was accompanied by the deposition of layers on the .v.ozoa an _w_ m?&.
Samukawa et al. [2] analysed (AES) those sidewall deposition _ww.w_.m. M“”“. o
films consist of SiQ, and carbonaceous polymers and they play an J:vo% Mm e
in the control of trench profiles. Hence, O ashing and an HF solution
are necessary to remove the film perfectly.

IV. CONCLUSION

Fig. 6 a)b)c)d)e). Etching profiles of trench structures at w_.on:a-_nmw w%cwaw\sv_
45 kHz, 100 kHz, 1 MHz, 13.56 MHz, respectively (CCl2F2, p=30 P”ro olenrmum J

Experiments were made to investigate the role of frequency on 20100 kit
trench structures. The results show that in the low m«m.@:mznw range ( 5% & lighes
the influence of the power and the gas used on mrm silicon etch rate vmw\mnor
role than the frequency (Fig. 3.4 and 3.6). Significant changes of S._mmm ativels
took place only at high frequencies (1.6 and 13.56 gmsv.. We oz.w:hrm i
better results of selectivity when using CClyF3. ~.= m.rm Fig. 4d are 1 wlectivity)
the case when trench profiles and etching nwwawn».w:m:om (etch rates an
are both satisfied. The depth of the trench in this case was 6.6 um.

ACKNOWLEDGEMENT

The authors are grateful to Mr. P. Toma$ for his help with the translation.

381



- e REFERENCES

[1] Engelhardt, M.: J. Electrochem. Soc. 134 (1987), 1985.
[2] Samukawa, S, Eguchi, K., Sugunaza, T.: Spring Meeting, Abstracts of the
Elect. Soc., Atlanta (USA) (1988), 263.

Received October 18th, 1990
Accepted for Publication Jannuary 4th, 1991

BIIHAHUE YACTOTEI PABPATA
HA PEAKTHUBHOE HOHHOE TPABIEHHUE CTPYKTYP KAHABOK

B pabore mccmegyerca peaxTHBHOe mommoe TpaBleHHE KaHaBOOGpaoHBIX
CTPYETYPp B rasax C Cl;F; u CBrF; B gmanasone wactoTst ot 20 KI'x no 13,56 M’y npn
BY paspape moumocTs 100 m 150 Br. Hccrenyerca mnmanme moxasawmmix napaMeTpoB
Ha CBOHCTBa MpONecca TpaBleHEs (cropocra, wyscreaTennHOCTH, aHA3OTPONHE).
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