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Clustertool with ASE Chamber
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Deposition and Etching

Deposition Etching

Tt Electron impact:
Electron Impact Dissociation:

@ty to SIOCE, + CE,; +Fi12¢ SFete = SF S +SF +F +e
Polymeric Passivation Layer: FineBichesvililiess
nCF; — nCFy(ads) > nCF,(f) SFLE —snChilas

F* Removes Passivation Layer: .
. ion energy

ACE, (f) + F* io;z;lergy CF, (ads) ~'CFa(g) Si-nF — S1FX (ads)

Silicon Etched by F* Sin (ads) — Sin (2)

* Sequential Passivation and Etch Steps
* Step 1 Deposit passivation layer
* Step 2 Remove passivant from base + etch Si

* Repeat steps to required etch depth
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Deep trenches in bulk silicon
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Sidewall

Smooth sidewall

Scallops from
dep/etch process
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10 um deep trench in bulk Silicon (filled)

1: two step dry etching
2: wet etching (sidewall smoothing)
3: filling (oxide + poly-si)

R ]
10 um2068 kY 428E3 1508698 3404-14
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12 um deep trench with stop of oxide (filled)
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Problem: stop on oxide (endpoint)

12 um deep trench with stop of oxide (filled)

notching in the overetch
void

burried oxide
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Deep silicon etching
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~ 200 pm deep
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« Interferometry/Reflectometry

« Detection of change in reflectance/interference when
buried oxide is reached

» Typical source wavelength 436nm: (Reflectometry)
» Typical source wavelength 840nm: (Interferometry)

¢ Optical Emission Spectroscopy

« Detection of decrease in Fluorine consumption i.e.
increase in Fluorine emission when buried oxide is

reached
» Typical lengt nitor 4
Interferometry Optical Emission Spectroscopy
« Advantages
+ Can be used for low exposed Si area wafers * Advantages
* Low cost

+ Disadvantages
+ Smooth signal difficult to obtain
« Signal change at endpoint is sensitive to wafer to wafer variations e.g.
« Buried oxide layer thickness, surface roughness variation with

» Simplicity
» Dedicated mask pattern not required
+ Endpoint detection less likely to be too late

depth » Disadvantages
+ Endpoint feature typically >300um [Jrequired in central region of « Poor endpoint signal for exposed Si area < 10% due to low
wafer signal to noise ratio

« Endpoint detected at slowest etch-rate region of wafer

« Several setup runs required to overcome the effect of endpointing at
the centre, on features sizes >> than features of most interest.

+ Fully automated system cost > $100k

In development:
» Reliable end-point detection for exposed Si area <5%
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Problem: Processcontrol !

grass : result of to much passivation

Dep.-time to long
or

dep.-flow to high
or

platenpower to low
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First Sk, and C,F;-Plasma

i PROCESS PROTOCOL

PROCESS PROTOCOL
HERCULES 1.3

electron density n [1/cm3]
and collision rate ve [1/5]

Apply operation to:

electron dengity VI

Mode
\wWithout regression VI

SF¢/C,Fg-Plasma

1.3E+410 -
126410 -

10E+10 -

BOE+3 -
B,DE+SSE ¢-Plasma

40E+3 -
Z0E+3 -
linear Vl
e 9 +]
U3 ki

collis. rate = 10 Vl

D @D

C,Fg-Plasma

ith Platenpower , w/o

0.0E+0 T T T T e

oo 05 10 15 20 25 30 35 40 45 50 55 60 GBS 7.0

trmin]

ad ot oo @A @

Bui 1515 1.2+ OL 6

= R G

MName of File Date of Measurement
q haze_allvhpf iMontag, 7. Juni 1939
13:07
bias voltage Ub [v] i ) ﬂl@ &
power density [miwicrm2] JI N U
Mo -
27 -
280 -
225 -
200 -
178 -
180 -
AP
100 -
7 am
50 -
25 5
D _lIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII.lIIII|III‘I|IIII|IIII|IIII|
00 05 10 15 20 25 30 35 40 45 50 55 60 B5 V0
STS ASE Hmin]
electrode gap =55 rank of filter = 2 mean time = 0.5
electrode diameter = 15 density ratio = 0.28 intemal
chamber diameter = 36 mode of detection = -1 biaz coefficient = 1000
frequency = 13,5595 dead time = 100 bandwidth = 350
SCOPESENVEN = SCOPES delay time =100 )
points of regression =5 zource = line
max. process time =10 upper limit = 2E9 lewvel =0
data logging = on lowwer limit = 2.EE7 reject = off
averaging = off
channel =1 inernal sheath width = 0.1
rank. of filter z
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Switched Dep/Etch-Process

i PROCESS PROTOCOL
PROCESS PROTOCOL
HERCULES 1.3
. MName of File Date of Measurement
electron density n [1/cm3] . : i
i Apply operation to: g “ase_b3 hpf Montag, 7. Juni 1933
and collision rate ve [1/5] - 311
electron dengity VI
Mode 2 z
\Without regreszion vl Diss voltage Ub [V] “ﬁ ﬂ DQ ﬂ
power density [mwicm?2] JIEAE) 0]
83E+8 - 880
goo -
TOE+9 -
oo -
EOE+9 - —
50E+4 - —
40E+9 - 00 -
S J | -
20E+3 - U 0 -
1.0E+9 - o -
1.5E+8 B T T e e R R e N R R R R R U—|||||i||||||||||||||||||||,,,,|,,,,|,,,,|,,,,|||||‘
i} 05 1.0 15 20 25 an 35 40 45 5.0 [ulli} ! .
linear Vl Hmin] STS ASE trmin]
electrode gap =55 rank of filker = 2 mean time = 0.5
] o] 2 4 Cur 010 |21E+3 IE electrode diameter = 15 denaity ratio = 0.28 inteinal
1 x4 vy [aay 8 chamber diameter = 36 mode of detection = -1 bias coefficient = 1000
i Cur 1 1515 |1,2E+9 D" frequency = 12.5595 dead time = 100 bandwidth = 350
colliz. rate x 10 vl SCOPEIEIVEl = SCOPES delay time =100
points of regression =5 zouce = ine
max. process time =10 upper limit = 2E9 lewel =00
data logging = on lower limit = 2.6E7 reject = off
averaging = off
channel =1 inernal sheath width = 0.1
rank, of filker -
(_oPEN ) (PRINT ) (1) (FUEron) 35 (COMPARE ) (sevEss )
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Trench etching with stop on resist

s HERCULES/PL Viewer 2.41

IIE ﬁﬂ g ﬂ reload time :
0706990 hids
s vy [qy E| save as A5CI | open I it I ﬁSSSSSlmin q"rq i ‘ ‘STS S
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3 = & 4= length [s]<=] A7
300E+3 = zave as A5 | 5239 Mjﬁ?ﬂ
2.80E+9 = Reference ﬂlﬂ_ f|1|EIE|:1an density |§1||:urve |
2B0E+3 - ezl date] [07.06198]  finea fiter] 5[0 |
240E+9 -
A / wafsrNa |38 | time] [15:3053 spike filter 510
2,20E+9 -
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1.31E+3 _-I | | | | | | i 1 !
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. . Dep.: C4F8 100 sccm, 1000W,15mTorr
Process: Deep silicon etching Etch: SF6 130 sccm, O2 13 sccm, 1000W, 15W, 36 mTorr

B PROCESS PROTOCOL
PROCESS PROTOCOL
HERCULES 1.3
. MName of File Date of Measurement
electron density n [1/cm3] . - -
s Apply operation to: 5, Aud717_1 hpf {Dienstag, 2. Juri 1999
and collision rate ve [1/5] - [1:48
electron dengity VI
Mode bi
jas voltage Ub [V] :
‘without regression vI g u # by | 12 i
power density [miwicrm2] JI N U
B9E+3 - 1260
EOE+3 -
1000 -
S50E+3 -
a0 -
40E+9 -
B00 -
30E+9 -
20648 - LU
1.0E+9 - 00 -
1'1E+? _|III|III|III|III|III|I |||II|III|III|||||||||||||I|||I||||||||||||ﬁ| D _|IIIIIIIII||||||||II|IIIIII|||||||I.IIIII|IIII|||||||||||||||1|i||||||||||||||||||
00 02 04 06 08 |1.012 14 16 18 20 22 24 26 28 30 32 34 i) 05 1.0 15 20 25 20 25 4.0
linear Vl Hmin] STS ASE tmin]
electrode gap =55 rank of filter = 2 mean time = 0.5
ilﬂ ﬂ D@ ﬂ Cur 0 01z 23E+9 E‘” electrode diameter = 15 density ratio = 0.28 In_temal .
DI TR AT chamber diameter = 36 mode of detection = -1 biaz coefficient = 1000
Burl 1515 [1.2E+9 I:||| frequency = 1356 dead time = 100 bandwidth = 350
collis. rate = 1 vl SCOPESENVEN = SCOPES delay time =100
etCh points of regression =5 zource = line
max. process time = 180 upper limit = 2E9 Iey'el =0
d data logging = on lowwer limit = 2.EE7 reject = off
ep averaging = off
channel =1 inernal sheath width = 0.1
rank. of filter - -
(_oPEN ) (PRINT ) (et ) (ALTERON)  3p (COMPARE ) (savEas )
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Pressure variation

i PROCESS PROTOCOL
PROCESS PROTOCOL Dep: 15 mTorr
HERCULES 1.3 etch: 22 mTorr
. MName of File Date of Measurement
electron c_iensﬁy i [1 ,"CMS] Apply operation to: q Smd?12_1.hpf \Dienstag, 8. Juni 1933
and collision rate ve [1/5] - [10:43
electron dengity VI
Mode bi z
ias voltage Ub [Vv] :
‘without regression vl g u # i &2 i
power density [mwicm?2] JIEAE) 0]
B9E9 - nz2n =
GOE+9 - 1000 -
900 -
50E+9 - 800 -
7 -
40E+9 -
E00 -
J0E+4S - 500 -
400 -
20E+9 - 00 -
10E+9 - 200 -
1o -
D'DE+D _ll|||||||||||||||||||||||IIIIIII||||||||||||||||||||II\I||||||II‘||||\||||||||||| U _l|||||||||||||||||||||||||||||\Ii||||||||||||||||||||||||||||||||||II\I.I|IIII|||‘
i} 0z 0.4 0k 08 1.0 132 14 18 18 20 oo oz
linear Vl Hmin] STS ASE trmin]
electrode gap =55 rank of filker = 2 mean time = 0.5
] ﬂ ﬂ D&; ﬂ Cur 0 014 1,6E+3 IE‘ electrode diameter = 15 density ratio = 0.28 in_temal .
g1 R T 8 chamber diameter = 36 mode of detection = -1 bias coefficient = 1000
i Cur 1 1515 |1,2E+9 D" frequency = 12.56 dead time = 100 bandwidth = 350
coliz. rate x 1 vl SCOPEIEIVEl = SCOPES delay time =100
points of regression =5 zouce = ine
max. process time = 180 upper limit = 2E9 lewel =00
data logging = on lower limit = 2.6E7 reject = off
averaging = off
channel =1 inernal sheath width = 0.1
rank, of filker -
(_oPEN ) (PRINT ) (1) (FUEron) 35 (COMPARE ) (sevEss )
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Electron density vs. SF4-flow

ED cm-3
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Druck 20 mTorr
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Coil_Power 800W
Platen_Power 15 W
Pressure 15 mTorr
C,Fg-Flow 90 sccm
Chuck Temp. 20 °C
He backside 10 Torr
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Electron density and collision rate vs. Platen_Power

ED und CR
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SEERS on ASE
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Coil_Power 800W
Pressure 15 mTorr
SF4-Flow 40 sccm
C,Fg-Flow 90 sccm
Chuck Temp. 20 °C
He backside 10 Torr
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