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APS: 0 to 10 

T: 70 to 90  

WG: 25 to 75 

TMAH: 5 to 10

Mulreg @KNL1@MULREG, Model DESIGN__AUTO__AL
Main Effects on Response AL

(with 95% Confidence Intervals)

Increase in AL
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APS: 0 to 10 

T: 70 to 90  

WG: 25 to 75 

TMAH: 5 to 10

Mulreg @KNL1@MULREG, Model DESIGN__AUTO__S
Main Effects on Response SURFACE
(with 95% Confidence Intervals)

Increase in S
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APS: 0 to 10 

T: 70 to 90  

WG: 25 to 75 

TMAH: 5 to 10

Mulreg @KNL1@MULREG, Model DESIGN__AUTO__SI
Main Effects on Response SI

(with 95% Confidence Intervals)

Increase in SI
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-2 -1 0 1 2 3

APS: 0 to 10 

T: 70 to 90  

WG: 25 to 75 

TMAH: 5 to 10

Mulreg @KNL1@MULREG, Model DESIGN__AUTO__SIO
Main Effects on Transformed Response SIO2

(with 95% Confidence Intervals)

Increase in Transformed SIO
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f.gih�jlkmkin opn qlr*qlsPt.jNoph�u�vlw jlxpxzy {l|Sv~}~n •�€�•Iw ‚�jlrDk*jlƒzƒzq�rin „iƒ�…Dh�u‡†

x‡„mw s jNoph+y ˆ.vi•Nw ‚Dopq f.‰�Š;‹Œy ˆ�t.o�•z‚Žs q�u/x‡n w n •�q�r�jlrmn x‡qlopupq�…in •�h�o�•pgmn rmvD•

gDj�xP‘Dh�h�r�x‡giqNt�rzo�q�…Djlxpx‡n ’ljNoph�jNw „iƒzn rin „mƒ“n rMopgmh�xpjlƒzh;ƒMjNrmrmh�u”j�x

x‡q�w n k•x‡n w n •�q�r–q�uMx‡n w n •�n •�jl•�n kK—™˜�gmql„mu�qls�h�o�•�gin rmvšuphIx‡„iw o�xzn r4jš}~n

y ˜�• ›m• ›�‚.h�o�•�g�u�jNoph+qls;˜�— ˜+œŽƒM•Nƒzn r?•ŽjNrDk�jSx‡„iu‡s j�•�h u‡q�„mv�girmhIxpx�qNs;•

˜I›�› rmƒ�•iƒ�jlž~n rivzn o�t”h�w w�x‡„in o�jl‘iw h;s qlu;‰�ŸP‰ }SjN…m…mw n •�jNopn qlrDx�—

¡£¢K¤

b�c/¥�¦S§Se�b�¨�¥

¤

Š�rmn x‡qlopupq�…in •�h�o�•�gmn rmv�qls”}�n/„mx‡n rmvSjlw žNjlw n rih�x‡q�w „iopn qlrDx�x‡„D•pg*jlx.oph�opu�j

ƒzh�opgi©~w/jlƒzƒzqlrmn „mƒªg~©ikiupqI«in kihMy f.‰�Š;‹�‚�•Dn x;j�žlh�©Mo�h�•�gmriq�w q�v�©Mn r

opgmh.…iupqiki„D•�opn q�r�qlsKƒzn •�upq~h�w hI•�opupq�ƒzhI•pgDjlrmn •�jlw�x‡©ix oph�ƒ�x.y ‰�ŸP‰*}m‚�•�n ri†

’�q�w ’~n riv x‡h�rDx‡q�upx�jlrmkD•Nq�u�j�•�op„DjIopq�u�x�—?¬ oPgDjlx�‘Dh�h�r�…iuph�’~n ql„Dx‡w ©�x‡gmqNt.r

opgDjNo�…Dj�xpx‡n ’NjNopn qlr�qlsPŠ�w�t.gmh�r�„Dx‡n rmvSf�‰�Š;‹ •K•�jlr�‘Kh�j�•pgmn h�’�hIk�‘~©

kiq�…in riv–opgmh­f.‰�Š;‹$t.n o�g�…m„mu‡h­}~n+q�u�x‡n w n •�n • j�•�n kŽ—®f�jl‘mjNo�j4¯ ˜�° •

±�jlrmki©–¯ ²I° •?jlrDkš}~•�girDjlž�h�ri‘Dh�upv*¯ ³N°PgmjN’lh�jNw w/„Dx‡hIkš}�n •Žt.gmn w hM}ijNupupq

¯ |N°�jlrDk–´�w j�jlxpx‡h�r�¯ ˆI°;gDjI’�hS„Dx‡hIk–‘Dqlopg4}~n�jNrDk•x‡n w n •�n •�jl•�n kK—4f?hIj

¯ {I°”„Dx‡hIk­j�x‡q�ƒzh�t.gDjNo�ƒzqikin µDhIkš’lh�u�x‡n qlršqls�´�w jlj�xpx‡h�rŽ¶ x+uph�•�n …Dh*¯ ˆ�°

t�n opg4x‡n w n •�n •*j�•�n kŽ—�f”gmh�©–gDjI’lh*jlw w�uph�…Dq�u‡ophIk­o�gmjNoMopgih kiql…mn rmvšqls

f�‰�Š;‹™t.n opgš}~n?q�u�x n w n •�n • j�•�n k�©~n h�w kmx�jlr�h�o�•pg x‡„iu‡s j�•�h •�ql’lh�uphIkMn r

gmn w w qi•�žix�—�±�jNrDki©*¯ ²I°/jNrDk�´�w j�j�xpx‡h�r*¯ ˆI°�x‡q�w ’�hIk�opgmn x�‘~©�jlkmkin rmv�jlƒ�†

ƒzq�rmn „mƒ“…Dh�u�x‡„iw s jNophzy Š�±”}m‚�•mj�x opupq�rmv qI«in kin x‡h�uI—�f”gmn xPuphIx‡„mw ophIk�n rSj

x‡ƒzq~qlopg*h�o�•pg x‡„mu‡s jl•�h�jlrDk�jlr�n rD•�uphIj�x hIk�h�o�•�g*u�jIoph�—�‹�qNt”h�’lh�uI•io�gih

Š�±”}–kihI•�qlƒz…Kq�x‡hIx�u�jl…mn kiw ©šn r•gin vlg–…D‹ªx‡qlw „~o�n q�rmxS¯ {N° •Pv�n ’~n riv�o�gih

Š�±”}šjSw n s h�opn ƒzh�qNs.ƒ�jN«in ƒ�„mƒ·˜zgiq�„muI—M}~jlupupq ¯ |N°.jlkmkihIk •�jNopgmhI•�q�w

j�x”j�•�jNo�jlw ©mx oI•~t.gmn •pg�jNw x‡q�t”qlupž�hIkŽ•�‘m„~o;riqlo�j�x.x‡„m•�•�hIxpx s „mw w ©Mj�x�o�gih

…Dh�u�x‡„mw s jNoph�—

f”gmh�ƒzq~x oM…iupq�ƒzn x‡n rivšƒzh�opgmqik–uph�…Dqlu‡o�h�k­opq­kmjIoph�•Pn xzkiq�…mn rmv­ˆ

t.o�•“f.‰*Š�‹Œt�n opg�|~› vi•Iw?x‡n w n •�n •+jl•�n kK•mjlrDkSjlkmkin rmvMˆ vi•NwŽŠ�±”}*¯ ˆ�° —

‹�qNt”h�’�h�u�•lopgmh;…iupq�‘mw h�ƒ9t.n opg�opgin x”jN…m…mupq�j�•pg�n x/opgmh�opn ƒzh�jlrmk�h�¸Kq�u‡o

rmh�hIkih�k�opq�k~n xpx q�w ’�h”o�gih;x‡n w n •�n •.j�•�n kŽ—�f.gmh;jNn ƒ™s q�u/opgmn x�t”q�upž+t.j�x�opq

n r~’�h�x o�n v~jIophzopgihMh�¸KhI•�o�t.jIoph�u+v�w jlxpxMy ¹4º+‚�gmj�x+q�ršŠ�wP…Djlxpx‡n ’NjNopn q�r

opq�v�h�opgmh�u�t.n opg�n o�x�qNopgmh�u.v�h�rmh�u�jNwŽh�o�•�g�•�gDjNu�j�•�oph�upn x opn •�x�•�s q�u�h�o�•pgmn riv

opn ƒzhIx.‘Dh�o‡tPh�h�r ˜ jlrDkM|zgmql„mu�x�—

»½¼;¾Ž¿PÀ�ÁlÂ Ã­À~ÄKÅIÆmÇ

Èiq�u�o�gih�s q�w w qNt.n rmvSh�«m…Dh�upn ƒzh�r�o�x�•Ž³�É.•�ƒª…i† o‡©~…Dh�y ˜�• ›i• ›�‚�}~n�t.jNs h�u�x

tPh�uph+„Dx‡hIkŽ—�ŠŒw jI©�h�u�qNs�|~›l›�›zÊËt”h�o;qN«in kih t.jlx.v�upqNt.r�jIoz˜�˜�›�›~Ì�Í;—

•;rih�x‡n kihMqls�opgmhSt.jIs h�u�t.j�x …mjNo‡oph�uprmhIkK•”jNrDk opgmhSqlopgmh�uzx‡n kihSt.j�x

x‡…i„io‡oph�uphIk t.n o�g­jl…i…mupqI«in ƒ�jNoph�w ©­˜�œŽƒ$qls;Š.w ˜N•z}�n —šy f”gmh�…DjNo‡oph�upr

„mx‡hIk�t”j�x/j�ophIx o�…DjIo‡o�h�u‡r�k~h�’�h�w q�…DhIk�‘~©zº;ŸP‰�Š;Íšƒ�‘D‹+•�Í”gih�ƒzrmn o�Î�•

º;h�upƒ�jNri©l•�s q�u�opgmh�„mx‡hSt�n opg•opgmh�x‡n ƒ „mw jNopn qlr–…mupqlv�u�jlƒ·}~¬‡‰*•�Ï;Ÿ

¯ Ð�° ‚�—

f.gihzh�o�•�gmn rmvSt.jlx+•�jNupupn hIk�q�„io+n r j ˜�w n opuphz‘Kh�jlž�h�uI•K„Dx‡n rmv�j�›i— ˆ

w n o�u‡h�h�o�•�gSƒzn «~op„muph;s q�u.hIjl•�gMh�«i…Dh�upn ƒzh�r�oI—�Š�uph�Ñm„i«S•�q�rmkih�rDx‡h�u.t.j�x

„mx‡hIk opq+žlh�h�…�opgmh�•�qlrD•�h�r�opu�jNopn qlrzx o�jl‘iw h�•�jlrDk+opgmh.oph�ƒz…Dh�u�jNop„mu‡h.t.j�x

žlh�…io/jIo/Òl›~Ó+²
Ì

Í�„Dx‡n rmv;j”oph�ƒz…Kh�upjNop„muph”•�q�r�opupq�w w hIk�giqlo�…iw jIoph�—�Š•²�ˆl›

uI— …?— ƒ�—”ƒ�jNv�rmh�opn •+x opn upuph�u.t.jlx.„Dx‡hIkMopqMžlh�h�…Sopgmh�x‡qlw „~o�n q�rSgmq�ƒzq�vlh�†

rih�q�„Dx”‘Dqlopg�t.n opg�uph�x‡…KhI•po.opq�•�q�rD•�h�r~opu�jIo�n q�rSjlrmkMoph�ƒz…Kh�u�jIop„muph�—

f.gihSh�o�•pg–t.j�x+ƒ�j�kihS„i…–‘i© ƒzn «in rmv�opgmhSuphIÔ�„mn uphIk­jlƒzq�„ir~o�x qls

f.‰�Š;‹™x‡q�w „iopn q�r�jlrDkM¹Õº™n r�opq�j�ƒzhIj�x‡„mupn rmvz•�©~w n rDk~h�uI•mjlrmkSkin w „io‡†

n rmv+t.n o�gMÏ;¬/t.jNoph�u/opq+opgmh�k~hIx‡n uphIk�’lq�w „mƒzh�—/Š�±”}zt”j�xPj�kmk~hIkzt.gmh�r

opgmh�oph�ƒz…Dh�u�jNop„muph;gDj�k�uphIj�•pgmhIkMÒ�›~Ì�Í�•ijNrDkMt.j�xPw h�s o”opq�k~n xpx‡qlw ’lh�s q�u

²�† ³Sƒzn r~„iophIx�—�f.gih�r?•?s qlu opgmh�˜�gmql„mu h�o�•�gŽ•�opgmhS}~n”x‡„m‘mx opu�jNoph�t.j�x

n ƒzƒzh�u�x‡hIk­j�x�x‡q~q�r–j�x�…Dq~xpx‡n ‘mw h�—šf.gih�}~n�xpjNƒz…mw hMs qlu�o�gihS| gmq�„mu

h�o�•pg�t.jlx�n ƒ�ƒzh�upx‡hIk*k~n uphI•po�w ©�jNs oph�u�opgih�•�qlƒz…mw h�opn q�r�qls�opgihS˜ gmq�„mu

h�o�•pg?—

f.gih.Š�wm…mj�xpx‡n ’ljIo�n q�r+t.j�x/x‡n ƒz…mw ©�•pgDjlu�jl•�oph�upn x‡hIk�‘~©+opgih�Ô�„Djlw n o‡©+qls

opgmh uph�ƒ�jln rmn rmvMŠ�w —;f.gih�}~n�h�o�•pg�u�jIoph�t.jlx;•�jlw •�„mw jIophIk�‘~©SƒzhIj�x‡„iu‡†

n rmv opgmh+h�o�•�g�k~h�…iopg�t.n opg�jlrSql…iopn •�jNwŽƒzn •�upq~xp•�q�…Dh�•~jlrmk�o�gih x‡„mu‡s j�•�h

upql„mv�girmhIxpx ƒzhIj�x‡„muph�k­„Dx‡n rmvšjšÏ�h�ž�o�jlž­…mupqlµmw qlƒ�h�o�h�u�—•f”gmh�qI«in k~h

h�o�•pg u�jNophPt.jlx�k~h�oph�upƒzn rihIk ‘~©�ƒzhIj�x‡„mupn rmv.opgmh�o�gin •pž~rmhIxpx?‘Dh�s q�u‡h.jNrDk

jIs oph�u+h�o�•pgmn rmvD•Ž„Dx‡n rmv�j�Ö;jlrmqlƒzh�opupn •�x�Ö;jNrmqi}~…DhI•I•NŠ;È/fË‰�n •�upq~jluph�j

º�jN„mv�h�—

×ÙØSÀ~ÚIÛ�Ç ÅIÚ

f”gmh •�q�ƒz…Dq~x‡n o�n q�r�qls/o�gih�h�o�•pg�ƒzn «iop„mu‡h�•DgDjI’in rmvMj�…D‹™qlsPjl…m…iupqI«mn †

ƒ�jIo�h�w ©�˜N²i— Òm•~n x.vln ’lh�rSn rSo�jN‘mw hz˜�•it.n opgSopgmh+uphIx „mw o�x�s q�u.‘DqlopgSopgmh�˜

jNrDkM|zgmq�„iu�h�o�•pgmhIx”…muphIx‡h�r�ophIkMn rSo�jl‘mw h ²i—

˜

A O
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Characterisation of Aluminium passivation for TMAH based anisotropic etching for
MEMS applications

Knut Lian, Stewart Smith, N. Rankin, A.J. Walton, Alan Gundlach, Tom Stevenson

Department of Electronics and Electrical Engineering
Kings Buildings

The University of Edinburgh
Edinburgh, EH9 3JL, UK

ABSTRACT

A cross-bridge line test structure is used to analyse the effect, both electrically and
physically, of a new anisotropic etch composition on an aluminium track. Electrical
measurements give results of the effect on line sheet resistance and width, where physical
measurements give an analysis of the surface quality.

1. Intr oduction

The anisotropic etching of silicon using alkaline
solutions such as tetramethyl ammonium hydroxide
(TMAH), is a key technology in the production of
microelectromechanical systems (MEMS), involv-
ing sensors and/or actuators.It has been shown [1]
that the addition of 64gSiO2/l sodium silicate solu-
tion (water glass) and 5g/l ammonium persulfate to
5 wt% TMAH solution results in good anisotropic
wet etching of silicon and good selectivity towards
aluminium. To fully characterise this composition
of etch solution the electrical and physical charac-
teristics were measured and analysed. Electrical
characterisation was performed using a standard
cross-bridge line test structure and physical analysis
was done by SEM.

2. Device Test Structure Layout

The layout of the test structures is shown in Œgure
1. The aluminium tracks were designed to be 3, 4, 7,
and 8mm wide. A line length of 800mm was chosen
for the two narrow tracks and 1200mm for the two
wider tracks. The pad conŒguration was chosen to
enable measurement using a standard probe card.
The cross bridge test structure enables measure-
ments of sheet resistance and linewidth [2] to show
if the TMAH etch is thinning and/or narrowing the
aluminum track.

3. Test Structure Options

Figure 2 shows a schematic of two test structure
options available which can be fabricated using dif-
ferent techniques, but using a common mask layout.
Type A is fabricated by reactively ion etching the
exposed aluminium. This method would expose
three sides on the aluminium track to the wet etch to
analyse the effect on width and thickness.

W=3.0 L=800 W=4.0 L=800

W=7.0 L=1200 W=8.0 L=1200

Figure 1. Test stucture layout.
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Type A

Type B

Silicon dioxide

Silicon

Aluminium

Figure 2. Tw o different aluminium conŒgurations
investigated to determine the etchants effect on the
electrical properties of aluminium.

Type B is fabricated using a CMP (Chemical
Mechanical Polishing) Damascene process [3]
where trenches are etched in the oxide followed by
the deposition of aluminium to coat the surface of
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the wafer and Œll etched trenches. The excess metal
is then removed using CMP leaving the metal inlaid
in the trenches and a •at surface across the wafer.
Therefore, this method would only expose 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 were fabricated on 3-inch
(1,0,0) silicon wafers by thermally growing 1mm of
wet oxide followed by sputtering 1mm of either alu-
minium or Al1%Si. After a photoresist deposit the
test structure pattern, described previously, was
exposed using 5́ wafer stepper technology. The
exposed aluminium was reactively ion etched to the
oxide layer followed by a photoresist strip. This
resulted in two types of substrate, one with pure alu-
minium and one with Al1%Si alloy.

The wafer with pure aluminium was initially etched
for one hour, and then at intervals 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 effects on aluminium lines 3, 4, and 7mm
wide were analysed as stated above. The etch was
carried out in a 1l beaker with 0.8l etch mixture. A
re•ux condenser was used to keep the concentration
stable, and the temperature was kept at 80 +/- 2oC
using a temperature controlled hot plate. A 250
re v/min magnetic stirrer was used to keep the solu-
tion homogeneous both with respect to concentra-
tion and temperature.

Due to the effects observed on the pure aluminium,
it was decided to etch the Al1%Si samples at 15
minute intervals during the Œrst hour, and then at 30
minute intervals to a total etch time of 3.5 hours. In
addition, it was decided to perform measurements
on all four different linewidths.

5. Results

SEM images were gathered at the time intervals
mentioned above. The pure aluminium tracks were
rather severly attacked, as shown in Œgures 3 to 5.
The roughness of the line surface increased with
etch time, and the grains could be easily identiŒed.
A range of images of Al1%Si tracks are shown in
Œgures 6 to 9. Visually it can be seen that surface
roughness of these tracks increases for the Œrst 30
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

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 Œrst period of the etching, and
then the surface has a more or less constant texture
for the remaining etch period.

Electrical measurements of the track sheet resis-
tance would show if indeed the effective thickness
of the track was being thinned with increasing etch
time. Thegraph in Œgure 10 shows that the sheet
resistance for aluminium lines increase linearly with
etch time. Figure 11 shows that the sheet resistance
of Al1%Si lines initially increase for about one
hour. Then it stabilises and is less changed during
the remaining 2.5 hours of etching. The linewidth
showed no noticable change with increasing etch
time, as shown in Œgures 12 and 13.

A O�'
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Figure 6. Al1%Si line prior to TMAH etch.

Figure 7. Al1%Si line after 15 minutes in TMAH
etch.

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

6. Discussion

An increase in sheet resistance is equivalent to a
decrease in the effective thickness of the aluminium
track. The electrical measurements therefore indi-
cate that the aluminium lines are monotonically
becoming thinner throughout the etch time. How-
ev er, the Al1%Si lines show an initial decrease in
line thickness, and then a more stable phase after
the Œrst hour.

A similar effect is indicated in the SEM micro-
graphs of the surface roughness. The aluminium
lines clearly show an increase in roughness through-
out the etch time, while the Al1%Si lines keep their

Figure 9. Al1%Si line after 3.5 hours in TMAH
etch.
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Figure 10. Sheet resistance of aluminium lines
varying with etch time.
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Figure 11.Sheet resistance of Al1%Si lines varying
with etch time.
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Figure 12. Linewidth of aluminium lines varying
with etch time.

texture fairly constant after an initial roughening the
Œrst 30 minutes.

The reason why both the sheet resistance increases
and the grains become more deŒned, is that the etch
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Figure 13. Linewidth of Al1%Si lines varying with
etch time.

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

Current flow

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

There may be a number of reasons why the lines are
not attacked from the sides. Firstly, the lines are
from 3 to 8 times wider than they are thick, making
the surface area available for attack smaller. In addi-
tion, the sidewalls do not have the same grain struc-
ture as the top surface. As the SEM micrographs
shows, the sidewalls are much smoother than the
top surface, which makes it more difŒcult for the
etch to attack the metal.

7. Conclusionsand further work

The results of this experiment clearly shows that the
proposed etch composition is suitable for applica-
tions where Al1%Si is used as the metal conductor.
Rather surprisingly, although being a silicon etch it
attacked Al1%Si alloy less than pure aluminium.
Further work will include electromigration tests on
the aluminium and Al1%Si that has been exposed to
TMAH, to determine whether the lines are more
likely to fail after etch.
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