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Characterisation of Aluminium passivation for TMAH based anisotropic etching br
MEMS applications
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ABSTRACT

A cross-bridge line test structure is used to analyse tfectefboth electrically and
physically, of a new anisotropic etch composition on an aluminium track. Electrical
measurements \g@ results of the ééct on line sheet resistance and width, whergsigchl
measurements\gg an analysis of the sugce quality

1. Introduction

The anisotropic etching of silicon using alkaline

solutions such as tetramgtlammonium lydroxide W=3.0L=800 W=4.01=800
(TMAH), is a key technology in the production of

microelectromechanical systems (MEMS)ydiv-

ing sensors and/or actuator$.has been shen [1] n n
that the addition of 64SiO,/I sodium silicate solu-

tion (water glass) and §/| ammonium persudite to

5 wt% TMAH solution results in good anisotropic
wet etching of silicon and good seledly towards
aluminium. © fully characterise this composition
of etch solution the electrical andysical charac-
teristics were measured and analysed. Electrical
characterisation as performed using a standard
cross-bridge line test structure and/gibal analysis
was done by SEM.

W=8.0 L=1200

2. Device Test Structure Layout W=70L=1200

The layout of the test structures is winoin Egure

1. The aluminium tracks were designed to be 3, 4, 7,
and 8:m wide. A line length of 80@m was chosen
for the two narraw tracks and 120@m for the tvo
wider tracks. The pad conCEguratiorasvchosen to -
enable measurement using a standard probe card.
The cross bridge test structure enables measure-
ments of sheet resistance andwiitth [2] to shav L] ston dore
if the TMAH etch is thinning and/or naming the . [ sion
aluminum track. Il Anivium

Figure 1. Test stucture layout.

Type A

Type B

3. Test Structure Options
Figure 2. Two different aluminium conCEgurations

Figure 2 shws a schematic of twvtest structure investigated to determine the etchantfeef on the

options aailable which can beabricated using dif- electrical properties of aluminium.

ferent techniques,ub using a common mask layout.

Type A is fbricated by reaaiily ion etching the Type B is fbricated using a CMP (Chemical

exposed aluminium. This method owld expose Mechanical Polishing) Damascene process [3]

three sides on the aluminium track to the wet etch to where trenches are etched in the oxide vodid by

analyse the &ct on width and thickness. the deposition of aluminium to coat the sud of



the wafer and Il etched trenches. Tkeess metal

is then remwed using CMP leging the metal inlaid

in the trenches and a +at sade across the afer.
Therefore, this method auld only epose the top
surface of the track enabling analysis of the thick-
ness only for a constant width.

4. Experimental

Test structures, of type A, were used to analyse the
effect of the TMAH etch wereabricated on 3-inch
(1,0,0) silicon vafers by thermally gming Lrm of
wet oxide follaved by sputtering Am of either alu-
minium or Al1%Si. After a photoresist deposit the
test structure pattern, described vioesly, was
exposed using 5 wafer stepper technologyThe
exposed aluminium @s reactiely ion etched to the
oxide layer folleved by a photoresist strip. This
resulted in tw types of substrate, one with pure alu-
minium and one with Al1%Si aljo

The wafer with pure aluminium as initially etched
for one hourand then at interds of 30 minutes to a
total etch time of 3.5 hours. After each etch the
wafer was rinsed and dried before the electrical and
physical efects on aluminium lines 3, 4, andwii
wide were analysed as stated abodlhe etch vas
carried out in a 1 bealer with 0.8l etch mixture. A
resux condenser as used todep the concentration
stable, and the temperatur@sviept at 80 +/- 2C
using a temperature controlled hot plate. A 250
revmin magnetic stirrer &s used to éep the solu-
tion homogeneous both with respect to concentra-
tion and temperature.

Due to the d&cts obsered on the pure aluminium,

it was decided to etch the Al1%Si samples at 15
minute interals during the Erst hoand then at 30
minute interals to a total etch time of 3.5 hours. In
addition, it was decided to perform measurements
on all four diferent linavidths.

5. Results

SEM images were ajhered at the time inteals
mentioned abee. The pure aluminium tracks were
rather seerly attacled, as shon in (Egures 3 to 5.
The roughness of the line sack increased with
etch time, and the grains could be easily identiEed.
A range of images of Al1%Si tracks are whoin
CEgures 6 to 9.iddally it can be seen that sack

Figure 3. Aluminium line prior in TMAH etch.

Figure 4. Aluminium line after 1 hour in TMAH
etch.

Figure 5. Aluminium line after 3.5 hours in TMAH
etch.

detailed during the Erst period of the etching, and
then the sugce has a more or less constartue
for the remaining etch period.

Electrical measurements of the track sheet resis-
tance vould shaov if indeed the ééctive thickness

of the track vas being thinned with increasing etch
time. Thegraph in Egure 10 sh® that the sheet
resistance for aluminium lines increase linearly with
etch time. Figure 11 shws that the sheet resistance
of Al1%Si lines initially increase for about one

roughness of these tracks increases for the Erst 30hour Then it stabilises and is less changed during

minutes, and then stabilises. No noticable change
can be detected from 30 minutes to 3.5 hours. It
appears that the aluminium grains become more

the remaining 2.5 hours of etching. The Vindth
shaved no noticable change with increasing etch
time, as shan in Egures 12 and 13.



Figure 6. Al1%Si line prior to TMAH etch. Figure 9. Al1%Si line after 3.5 hours in TMAH
etch.
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Figure 7. Al1%Si line after 15 minutes in TMAH Figure 10. Sheet resistance of aluminium lines
etch. varying with etch time.
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Figure 11. Sheet resistance of Al1%Si linearying

Figure 8. Al1%Si line after 30 minutes in TMAH with etch time.

etch.

6. Discussion

Linear Fi

- = Linear Fit
- Linear Fil

®Linewidin 1

mLinewidth 2

» Linewidth 3

An increase in sheet resistance is egant to a
decrease in the fetctive tickness of the aluminium
track. The electrical measurements therefore indi-
cate that the aluminium lines are monotonically
becoming thinner throughout the etch time.wHo
eva, the Al1%Si lines she an initial decrease in Figure 12. Linewidth of aluminium lines arying
line thickness, and then a more stable phase after With etch time.

the Erst hour

Linewidth (micron)

texture fairly constant after an initial roughening the
A similar effect is indicated in the SEM micro-  Erst 30 minutes.
graphs of the suafe roughness. The aluminium

lines clearly shav an increase in roughness through- ~ The reason whboth the sheet resistance increases
out the etch time, while the Al1%Si linesdp their and the grains become more deEned, is that the etch
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Figure 13. Linewidth of Al1%Si lines warying with
etch time.

predominantly attacks the metal at the grain bound-
aries, as shmn schematically in Egure 14. This
causes the grains to be more well deCEned after a
period of TMAH etch.

Current flow
Figure 14. Etching of an aluminium line along
grain boundaries.

There may be a number of reasony wie lines are
not attackd from the sides. Firstlythe lines are
from 3 to 8 times wider than there thick, making
the suréice areawailable for attack smalletn addi-
tion, the sidealls do not hae the same grain struc-
ture as the top swate. As the SEM micrographs
shaws, the sidealls are much smoother than the
top surfice, which mads it more difEcult for the
etch to attack the metal.

7. Conclusionsand further work

The results of thisx@eriment clearly shes that the
proposed etch composition is suitable for applica-
tions where Al1%Si is used as the metal conductor
Rather surprisinglyathough being a silicon etch it
attacled Al1%Si ally less than pure aluminium.
Further vork will include electromigration tests on
the aluminium and Al1%Si that has beepased to
TMAH, to determine whether the lines are more
likely to fail after etch.
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