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Abstract

Resist stripping and cleaning is evaluated on a RF asher. A combination of RF and MW
power can be used to enhance the stripping efficiency in the asher. The RIE components of a
plasma are capable of producing plasma damage (can be observed in structures such as thin gate
oxide underneath poly lines). In this evaluation, both metal antenna structures and Charm-2
wafers were used to monitor plasma charging. No plasma charging was observed using the
standard O,/N,H, plasma, but high plasma charge voltages could be observed with NF3 addition.
The plasma characteristics were studied using optical emission spectroscopy. Analysis of the
results suggests that plasma charging can be induced by a combination of RF and free fluorine

speciesin the plasma.
Introduction

Oxygen plasma is widely used to ash photo
resist. The plasma is usualy generated by a
microwave (MW) plasma or an inductive coupled
plasma source [1] where plasma generation is
remotely away from the wafers. lonized species have
shorter recombination lifetimes than neutral species.
The majority of the ions will recombine with
electrons and become neutral species before they
reach the wafer [2]. Therefore, most down stream
plasma sources show no plasma charge damage from
ions. However, with hardened resist due to etch or
implant process, the pure chemical components of the
down stream plasma are less effective in stripping
resist, RIE bombardment or a more reactive
chemistry will improve the strip efficiency. In this
paper, we will report on the usage of a combination
of RF and MW for photo resist ashing and cleaning,
and the effect of the RIE components of plasma on
plasma charging. In particular, we will study the
effect of CF, and NF3; chemistries on plasma
charging in the RIE plasma.

Experimental details

An asher with dual RF and MW power source
was employed for this study. The process gases (O,
No:H,, CiFy, NF3 etc) are supplied from the side of
chamber. The gases are excited in the MW
applicator, located on the chamber side wall before
entering the process chamber (as shown in Fig. 1). A
quartz baffle will redistribute the gas flow inside the
chamber, so that the species distribution on the wafer
is more uniform. A RF power is supplied to the
bottom electrode to generate RIE bombardment. The

wafer is placed on top of the bottom electrode, which
can be heated up to an elevated temperature up to 300
C.
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Fig. 1 Schematic of the asher with dual RF
and MW power source

Optical emission from the plasma can be collected
through a view port on the chamber sidewall, which
isanalyzed by an Ocean-Optic spectrometer.

Results and Analysis

In this study, the ash was primarily used for
back end of line metal and via ash and cleans. Post
via etch, there is a layer of
harden polymer on the sidewall of the vias and on the
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top of the photo resist. An O,/Ny:H, RF/MW plasma
exhibited high efficiency to ash the harden resist. An
addition of NF; (or C,Fy) to the plasma  converts
some polymer to become water soluble. In addition,
the F in the plasma can attack some SiO, which
would loosen up the polymer. For metal lines, Cl,
and BCl; are used to etch TiN/AI. Post metal etch,
there is AICIy based polymer on the metal sidewalls
which is not water soluble. The F plasma can also
replace the Cl in the polymer, which will also make
this polymer water soluble [3]. Post ashing, the
wafers are rinsed through a spin rinse dryer. SEM
images show that the bottom of via is free of
polymer. Lots with 200 mm diameter device wafers
were run through the production line with splits
between the new solvent free ash/clean process and
the baseline solvent clean process, the new process
showed comparable sort yield and via resistance to
the baseline process[4].

To evaluate the plasma charge in line, device
wafers with gate oxide thickness ranging from 60 to
110 A were used. Metal antennas at every metal
level are connected to the testing poly gate. The
antenna ratio of metal/via to poly ranges from 30 up
to 1000. The charge current within the plasma will be
collected through the metal antenna and be
transferred to the gate oxide. If a sufficient charge is
conducted to the gate, a large shift of the transistor
threshold voltage (VT) would be observed. If a high
level of damage was done to the gate oxide, the
transistor would show high leakage.
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Fig. 2 VT shift map on wafers run through dry
ash/clean process with a RF/MW O2/N2:H2/NF3

plasmaonall levelsof metal and via.

The baseline solvent clean wafers showed the
VT shift <100mV. For the wafers cleaned with
O,/N:Ho/NF3s RF/MW plasma for both metal and via

cleans, large VT shifts up to 260mV are observed on
the wafer center, as shown in Fig. 2. This high VT
shift also results in high gate oxide leakage. In
comparison to the solvent clean process, the plasma
does exhibit charge damage to device wafers on the
wafer center. However, if only viais exposed to this
plasma, only a minimum amount of VT shift is
observed.

To quantify the plasma charge of the various
plasma conditions, CHARM-2 (Charge Monitor-
second Generation) wafers are used to monitor the
plasma charge. In the Charm wafers [5,6], metal
antennas collect plasma charge and store it in
EEPROM gates. The charge develops a voltage
across the gate and substrate capacitor, which
changes the Vt of the EEPROM transistor. Through
the Vt shift test, both negative and positive plasma
potentials can be probed. In addition, the charge flux
can aso be detected by the voltage drop across the
resistor in Charm wafers. The impact of plasma
charge on gate oxide integrity is a strong function of
gate oxide quality and the design of the device. For
50-70 A thick gate oxide, any plasma voltage >= 6V
will potentially impact the gate oxide integrity.

5.e E2T

676 |0.73 | 9.00 (104 [10.8] o.96 | .63 | 658 23

821 |10 144|148 10.8 0.5 2.3

.58 [41.2]14.4 | 15 [ 153 168 [16.6] 15.8] 158 114 0.75 (112 08

748198 14.0|15.8 152 | 150 "z 591 214

T 15.2 155|188 17| 16 |188) 168| 14 198|721 023|206

273|771 [ 42 | 148|140 |15 153 ] 166|166 168 6.5 16.0 169|148 P =2z 207

200|290 47| 16 |50 |95z | 150 164 165] 15.6] 157|168 | 16 14 102|631 (247 21

e 18 |15.2 183|182 164 154 [166] 18] 158 18] 107 | 6.96(3.23 | 208

a6 4.7 |16.2 162 152 | 154 ] 153|167 | 16.9] 105 7.26 | 3.3 w.uuH
g BT 144 16 |48 | 15 [ 151 163 [16.6] 15.5] 15,6 166|158 [ 157 0.8 671|220 | 2.00 EET)
([ e.on [ 92 149|150 |151 | 154166167 15.8] 15,7 160|158 155 033|601 (518 22 29

£ EE) 15, |15 |15 | 156|158 [158{ 15.6] 16 (156|158 1an|10r]| an LE 208 208 zul

24500 0.1 [998] 1.7 | 153 | 953 | 153 (16,6 16.4] 1.5 15,6167 | 187 10.8)7.00 328|288

2.04 201 576|908 151|153 | 165 [ 16.4 [16.6] 15.6] 157 | 158 14 |a.a0 365|373 |2.00

2o |zas[ L3 745 100 141 (153162 [16.3] 15.6] 15,1 113 .08 |30 [LE5 281|381

267|288 720|046 |91.1 1.5 10.4 [ 0.58 | 6.43 T8 LRSS ERL]

25 |28 616 |7.06 | 2.1 9,61 .40 9.48 | ws1 | 7.3 [
272 |2.50 |a 68 P EOCFTY oar [ 20 [EETHEC
27 (213 [ass [ E0
293 |26 (3,71 | 104 (306 H

@

-2 G4(e2.8 |2 04 |2 20).2 162,38

|-2.44|-2.00|-2.94-2 28] 2 5325

2182282442 23[-2.24/ 2.

2282882 3612 48] 2 5a[-2.51|-2 84 |2 o218 2 sl 2 e 2 aa)

]2 21|.7 51|216(:2.08]

231|291 |2, 2232 24)-2.20| 2232 36| |2.48[ 2

226|291 ]2 362,902 24] 2 36 2

|-2.24]
2.26(:2.31|:2.20(.2.34|: 223|230 -2 16]-2.04 2.2
2.23.2.12(.2 282,382,182 2
2.34]-2.48]-2 1] 2 302312 39 2 0a] 2 w2 2412
36)-2.40] -2 19] 6]
2282 20(.2 242,262 202 232,08 2. 1}z
2,48 2,28 2 442, -".u.a.u.s_u 230]231[2.30f 23] 2
231|233 (-2 26/.2.41|-2.26(:2.30] 2 29|
|-2.10]-2 2]
1)z

|-2.18|-2.98 -2 002 232 24

o
~
&

-2 51(.2.68]

<228 -2.51 |2 24

3

|-2.08|-2.08 |2 032 18]2.04|-2.03 |2 06]-2.00]-2 182 16

[E 11|25 | 216211

(b)




7" International Symposium on Plasma- and Process- Induced Damage, June 2002, Hawaii.

sa1|107(10.8| 10|
796|103 LEIEES

o5 (108 147 (14.6[163) 108|140 (148|143 ais

743 (108 451 ( 183|154 | 156 [ 18.5| 15.6| 156 [15.1| 14.2] 034

55 FET 15, | 167 [ 187 16.6] 16, (1856 181|141 [ 41 | 7.32|

371|782 404 14.2 | 14.8( 153 | 16.8 168 (166 198 168 152 (AT a18

5.45 P15 14.6|148] 148|182 15 158 15.5| 156 [15.9] 15.8) 159 LT n.0q| PRTY

280|624 07 140|148 181 | 15 (162 (151|158 16.7 158|158 158 104 6.08 (281

239|603 102 14.7|162] 15 | 164169 [16.4) 185160187 15.8) 103 7.03 (248

200|601 |102 140 148] 151|182 | 15, [161) 183 16.6[165 |1a7 | 188[150 104 7.00 278

343 |67 |09 4.5 147|148 15 (169 [151|186[ 167 158|258 18] 154 ags| o0z 6m |22

293 |51 s sz 903 15 | 148 (182|150 |158[ 183|187 | 157 [ 16 | 15.8] UR1 5.z PETRERTT

20 | 10 7ea| 408 447| 148( 15, | 15, | 16 [16.0|15.5] 154 [15.6] 14.2] 106 7.6 240 |2.43

626 9.0 (114 14.4( 148|152 |148[ 185 ] 15.5| 153 (145 107 |azz i 208|211

214|277 r.28( 50 (114 148147 15 | 14.4] 1.2 83 (62

201|208 a7 [(10)7r2|v.00] 112 118 |90.6( 0.01 | 6.84 |2 96|

a.r2|
2.64]

81 [CE N 7.07| .38 | 0.67 | 5.6 [10.8] 101 | 5.0 a7e |77 [EE5 244231 (221
204

286 3,67 (292 617 (7.79| 788 |7.44[ 797 | 6.0 |e80 24

302183287 = 314 | 2.23( 232|224

2.66|3.03( .79 .89 | 162 2| s 288

u| ulzu‘mﬁ 260 m‘us|m 22 | 2.16]

(©)
| 14 |1:20] 128 120
138] 1.34( 134|191 [ 134 1.28 134 u||u| 13
124134 1.73] 5 11138 131|128
138161 341|361 | 368 [3.853 (200 3| RRAYRRT3 RN
126 1.61 P e e e T e e e ) e e e
136 | 1.41) BT (433495 BBE| 536|453 | 4.08] 3.21)1.93 | 136 1.31(1.34
[173 121 8] 2.00 [ 420 [531 | 5rm 860458351 148134 [ 131
EL@D 375|483 | 676 72 |733(7.18 81| 456|346 136)1.34 179
(130 1t [ .26 [0 23| r.60 [ r6[ 2.6 |7.31 w03 200 100 108 | 1.98[ 134
3.2 1141|166 | 205 (428 | 581 7.08|7.58| 700 | 793 (781|760 |0 538421 1.86)1.26 136 3.2
198 1.41( 100 208 43 |65 (848 12| 7.63( r.0n 7.5 75816 543|458 001 07 | 198 ] 141|138
1.34]1.41) 188 B EREY LYY 7.0 7.36| 781|788 7 68| 7 GE| 536|451 AT [1.35[134 (141
186 1.38{ 130 F20 5,01 | 4.06 [ 0] a3 148(7.48)7.09 4.06(203 18198139 144
141130 | 3.a5 (436 | 538 5 88 7.06] 533453383 A141)1.41 141
) e e e e 160148 1.4 (134
130 [ 1.38 | 1.44] 1.68) 36(4.06(a88| 4 498461463411 [3851 194|141 [1.31[1.38[141
.41 (138 148 1ae P ETE T 5 01 | aen |a.66| 26 [3.20 PEUEETH 4 66| 106 1.48] 1.44] 1.4
144 1.08(1.44 ] 1.4 1.56 1.58] 176|144 1.48[ 100|130 104
A4 1LAE | 146 | 146] 143 145|139 144 [ 1,45 | 141 | 1.4 [ 1.44 (126 (146
141 148( 1.48] 1.44[ 1.0 148 1.8 ] 128|141 ] 148 1.45[ 108
144 104 148 1.48 [ 1.48] 1.48] 109 | 148 [ 1.4 [ 148

(d)

Fig 3 Charm-2 positive voltage wafer map of
different plasmas: (a8) O./N,:Hy/NF3 RF/MW
plasma; (b) Oo/N,:H, /CFy RF only plasma,
(c) O/N2:H2/NF3 RF only plasma; (d)
Ou/Nz:H, /ICF, RFIMW plasma.

An O,/Nz:H,/NF3 plasma running both RF and
MW shows a high plasma voltages >15 V positive
potentials at the center of the wafer, as shown in fig.
3a. However, the plasma current of this plasma at
voltage >6 V is relatively low ( ~50 uAlcn?).
Because the via size is very small, the total area
exposed to the plasma during ash relative to the area
of metal line is aso small. Therefore, the plasma
current collected to gate during ashing will be also
very small. A via ash process would exhibit much
lower level charge damage than a metal ash process.
Although the plasma charge voltage is high for this
plasma, the plasma damage during via ash will be
minimal with the low plasma current, which is
consistent with the VT shift data on device wafers.

The RF component in the plasma does not
always generate high plasma charge. When NF; is
removed from the plasma, the CHARM-2 wafer

exhibits plasma charge voltage less than 4 V for the
RF/MW plasma of O,/N,:H, . The combination of F
containing gas and RF does not always generate high
plasma charge either. The CHARM-2 wafer of
O./N2:H, /CF, RF plasma also exhibits plasma
voltage <4 V, as shown in fig 3b. However, the RF
only plasma of Q/N;:H,/NF3; does exhibit plasma
voltage of >15 V (fig. 3c), but the overall plasma
current is lower than the O,/Ny:H,/NF3 RF/MW
plasma. Therefore the plasma charge is sensitive to
both RF and the chemistry of gas being used. In
addition, the plasma charge is also sensitive to how
the plasma is generated. When MW power is added
the Q/Nx:Hy/ C.F, RF plasma, medium level of
charge voltage (8 V) is observed.

To understand the mechanism of plasma charge,
the above plasmas have been analyzed by optical
spectroscopy. Fig. 4 shows the emission spectrum of
the O./N;:H, RF plasma from 380 to 850 nm.
Emission peaks of O, 02+, N, N2, H, H20, OH have
been observed in the spectrum. After MW power is
introduced, a broad emission from ~500 to 700 nm is
observed. When NF3 is added to the above plasma,
the overall density of the plasmaincreases, as shown
inFig. 4.

To compare the optical intensity quantitatively
using a spectrometer, the plasma process conditions
i.e. Ox/Ny:H, flows pressure, RF power, MW power
and the settings of the spectrometer were the same
for all spectra. Reference spectra of Q/N;:H, RF
plasma were taken at the beginning and the end of
collection of different spectrum, no drift of the
system has been observed. The net emission
contribution of the F based chemistry to the RF
power only plasma can be obtained by subtracting the
emission intensities for both the C,F, based RF
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Fig. 4 Emission spectraof the OJ/N,:H, RF
only plasma, RF/MW plasma and
O,/N:HANF3 RF only and RF/MW plasma.
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plasma (Ox/N2:H, / CFyy and the NF3 based RF
plasma (O,/No:H, /NF3) from the baseline RF process
(Oo/N2:Hy). A similar approach can be used for the
Microwave/RF combination plasma to calculate the
net contribution from the addition of Fluorine based
chemistries. The net contribution of F based
chemistries to the plasmais shown in Fig. 5.
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Fig. 5 The net emission spectrum of G,

addition RF only, C,Fy, addition RF/MW,
NF3 addition only and NF3 addition
RF/MW plasmaafter subtract the base
0O2/N2:H2 spectra.

When NF3 or CF, is added to the Q/Ny:H,
plasma, the O2, N2 emission density increases for all
cases, as shown in Fig. 5. For Q/N;:H, / CFy, RF
only plasma, no free F peaks have been observed.
When MW is added to the above plasma, new
emission peaks at 691, 700, 704, 713, 720 and 758
nm are observed. These peaks are identified with free
F. When C,F, passes the MW applicator, MW power
will break C(Fy into F and other Cy.\F.n. The RF
power is less effective in breaking CF, bonds to
form free F. NF; on the other hand is much more
easier gas to dissociate in a plasma. The free F
emission intensity of O,/Ny:H, /INF3 RF only plasma
is stronger than O,/N,:H,/ C(F, plasma with RF and
MW. The G/Ny:H, INF3 RF/MW plasma exhibits
the strongest free F emission intensity. The
CHARM-2 wafers show high plasma charge voltage
for al three plasma that exhibited free fluorine
emission. In addition, no plasma charge voltage was
observed on the O./Ny:H,/ C,F, RF plasma using the
Charm-2 approach which is consistent with no free
Fluorine emission as observed by optica
spectroscopy. This suggests that the plasmachargeis
sensitive to the combination of RF and density of free
F species.

Summary

Plasma charge using RF/MW plasma
combination was studied. Plasma charge was not
detected for O:/Nz:H, RF/MW plasma. With the
introduction of NF3 to the plasma high charge voltage
and low charge current was probed on Charm-2
wafers. Plasma charge voltage detected on Charm-2
wafers increased monotonically with free F emission
intensity as detected by optical spectroscopy. The
results suggest that the plasma charge is a
combination of RIE and free F within the plasma.
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