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Optimization of Back Side Cleaning Process to Eliminate
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Copper~Cu! contamination at the wafer bevel, back side surface, and exclusion zone is identified step-by-step following a typical
dual-damascene process. The shield ring of a physical vapor deposition system does not protect the exclusion zone and bevel
efficiently. Also, Cu may dissolve and accumulate in the solvent used for post dielectric etch clean. Dissolved Cu atoms may then
redeposit on the wafer surface. Furthermore, the rough back side surface traps Cu atoms easier than the smooth front side surface.
If there is no SiO2 film on the back side surface, post chemical mechanical polish cleaning using dilute HF cannot remove Cu at
the back side surface. An optimized single-wafer spin-etch process was proposed. An optimal etchant consisting of HF, HNO3 ,
H2SO4 , and H3PO4 with ratios 0.5:3:1:0.5 showed excellent performance. Experiments demonstrated that a very short, 10 s, back
side clean can totally remove Cu from back side surface, bevel, and 2 mm exclusion zone. A ‘‘wafer shift’’ procedure was also
proposed to solve the pinmark issue near the edge pin due to etchant remnant. The optimized cleaning technique shows shorter
process time and higher cleaning efficiency than those reported previously.
© 2005 The Electrochemical Society.@DOI: 10.1149/1.1850381# All rights reserved.
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With the progress of integrated circuit~IC! processing techno
ogy, the feature size is scaled down continuously. As the d
performance and the circuit density are improved due to sh
channel length and smaller device geometry, the resistance a
pacitance of multilevel interconnects are increased due to the th
and longer metal wires and the narrower space between them
per ~Cu! has been recognized as the most suitable alternativ
aluminum as an interconnect material because of its low elec
resistivity and excellent electromigration resistance.1,2 However, Cu
is a fast diffuser in both silicon and silicon dioxide.3-5 Copper con
tamination in the dielectric results in device instability and degr
tion of dielectric reliability.6-12 Also, Cu in the silicon serves as
defect center to kill minority carrier lifetime and to increase junc
leakage current.13-17Much effort has been devoted to controlling
contamination at front side wafer surfaces. Low power diele
etching, high efficiency cleaning solutions, and reliable diffu
barriers have been developed. Although it was reported that Cu
tamination at the back side surface of wafers cannot diffuse t
front surface of wafers under the thermal budget of the backe
line ~BEOL!,18 apparent Cu migration from back side surface
front surface has been observed under the thermal budget of
tend of line~FEOL! processing.19 Furthermore, cross contaminati
through direct contact to the contaminated bevel and back sid
face of wafers during wafer transfer and handling is still a m
issue in manufacturing.

The dual damascene process is well accepted for Cu inte
nects, due to the difficulty in plasma etching Cu films. After the
Cu-interconnect layer is completed, the intermetal dielectric~IMD!
is deposited as the next layer in a typical Cu dual damascene
cess. The sequential photolithography process and dielectric e
processes are performed twice to form the via holes and trenc
the IMD. After premetal deposition cleaning, the barrier metal
Cu are then deposited in the via holes and trenches. General
deposition is performed with two steps: a seed layer deposite
physical vapor deposition~PVD! and a main layer deposition
electroplating. A chemical mechanical polishing~CMP! process i
performed to finish the second layer Cu-interconnect. There
many opportunities for Cu to be exposed to the process environ
or for wafers to be exposed to a Cu contaminated environmen
example, after IMD patterning, Cu at the via bottom is expose
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the postetch cleaning environment. Also, the wafer back side su
may contact with a solution containing copper during CMP.

The increased use of copper in semiconductor industries c
the problem of Cu cross contamination from one wafer to an
via handling tools which handle wafers only at the wafer edg
avoid damaging the active devices fabricated on the wafer
side. Copper must be eliminated from each wafer back side su
bevel edge, and front side exclusion zone to prevent contamin
of subsequent wafers being processed. Therefore, it is import
clean the wafer bevel and back side surface after every proces
that may expose the wafer to copper contamination. A single-w
cleaning technology, known as spin-process contamination elim
tion (SpCE), was proposed to reduce Cu contamination.20-23 How-
ever, the process conditions and chemicals are not optimized
thermore, the acid remnant problem at the wafer edge w
perimeter pins contact the wafer damages the device on the
side of the wafer. Traditionally, the method to solve the acid rem
problem is to provide an undercut rinse~UCR! module in the clean
ing equipment or to add a process step of deionized~DI! water rinse
on the front side of wafer after cleaning the back side. Howeve
stability of the UCR module is still questionable and the DI w
rinse increases process time.

In this work, Cu contamination at the wafer bevel and back
surface was investigated at each step in the typical dual-dama
process. The results are presented and discussed in the next s
The structure and operation principle of the cleaning equip
used in this work are explained later. A newly developed chem
was used to remove Cu from the wafer back side, bevel edge
front edge exclusion zone. A simple wafer-shift scheme was
posed to efficiently eliminate the deleterious effects of acid rem
at the perimeter pins centering the wafer. The detailed proces
ditions and experimental results are discussed last. Finally, by a
ing this optimized cleaning process in the BEOL process, we
onstrate that the yield of product with Cu interconnect can b
high as that with Al interconnect.

Cu Contamination during Processes

Cu contamination during postetch clean.—After IMD etching to
form a dual-damascene structure, wafers are typically cleaned
solvents in a wet bench to remove polymer residues and Cu co
ing compounds on the sidewall and bottom of the damascene
ture. Cu dissolves in the solvent and then the Cu content in
creases with increasing process time. In this subsection, we ex
whether Cu in the solvent will redeposit on wafer surface.
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In this experiment, a widely used solvent for the Cu proc
ACT-970, was used. The typical process condition is at 80°C fo
min. The etching rate of copper in ACT-970 is 2.17 Å/min at 80
Before the experiment, the wet bench was flushed with DI wate
all filters were replaced with new filters. The process tank was
filled with fresh solvent. Approximately 100 mL of solvent w
sampled from the tank before the process. To increase Cu i
solvent, 25 wafers~diameter 200 mm!with a blanket Cu film of 20
nm were processed with the standard postetch clean recipe
times. Again, approximately 100 mL of solvent was sampled f
the tank. The Cu content in fresh as well as processed solven
analyzed by inductively coupled plasma mass spectrometry~ICP-
MS!. A similar sampling procedure was performed once again
the wet bench was in normal operating conditions for three mo
DI water flushing and filter replacement were not done during
three month period, but the solvent was drained and replen
with fresh solvent every 2-3 days. The fresh solvent was
sampled. 25 200 mm wafers with a 200 nm blanket Cu film w
processed with the standard postetch clean recipe eight times.
approximately 100 mL of the solvent was sampled from the t
The original Cu content is lower than 1 ppb. After eight continu
runs with the copper-coated wafers, the Cu content increased
matically to 2483 ppb. The Cu content in the tank accumulates
increasing process time. After three months, even if fresh so
was fed into tank, the Cu content was as high as 245 ppb.
again, the Cu content increased to 2650 ppb after eight contin
runs of copper-coated wafers at this time.

A bare Si wafer and a blanket undoped silica glass~USG!/Si
wafer were processed with the standard postetch clean recipe
diately after the eight continuous runs of blanket Cu wafers.

Figure 1. Three measurement positions where EDS analysis was perfo
~A! Nearby the edge of exclusion zone~about 3 mm away from wafer edg!,
~B! midway of exclusion zone, and~C! at wafer bevel.

Figure 2. EDS spectra at the positions specified in Fig. 1 at~a! position A,
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concentrations of Cu on the front side as well as back side su
of bare Si wafer and on the front side surface of USG/Si wa
were analyzed by vapor-phase decomposition ICP-MS~VPD-ICP-
MS! and were 1.253 1010, 5.763 1012, and 0.89
3 1010 atom/cm2, respectively. The detection limit for Cu
109 atom/cm2. Cu does not redeposit on the front side surface
wafer regardless whether the surface material is Si or SiO2 . A very
high surface concentration of Cu was observed on the back
surface of bare Si wafer. Possibly, Cu atoms were trapped i
valleys of the rough back side surface of the wafer.

The proceeding experiment indicates that Cu atoms may
mulate in the solvent and process tank. It also shows that the
redeposit on wafer rough surfaces. The DI water should be flu
periodically and filters should be replaced to maintain the wet b
for processing. Also, a suitable back side cleaning is strongly
ommended to reduce the risk of Cu redeposition.

Cu contamination during Cu deposition.—A 1 mm SiO2 film was
thermally grown on a 200 mm Si wafer. A 100 nm tantalum la
was deposited in a PVD system with no shield ring at the w
edge. Then a 1mm Cu film was deposited in a long-throw PV
system with a shield ring at the wafer edge. The gap between
surface and shield ring was approximately 1 mm and the excl
zone was approximately 3 mm in width from the edge of the w

Optical microscope inspection showed a clear boundary fo
exclusion zone. However, energy dispersion spectroscopy~EDS!
analysis in a scanning electron microscope~SEM! system performe
at the exclusion zone detected a strong Cu signal. Figure 1 illus
the positions where the EDS analyses were performed. Positio
near the boundary of exclusion zone, position B is at the midpo
the exclusion zone, and position C is at the wafer bevel. Figure
shows the EDS spectra at position A, B, and C, respective
strong Cu signal is still detected even at the wafer bevel. Clear
shield ring does not effectively prevent Cu deposition in the ex
sion zone. Therefore, a suitable cleaning process to remove
the exclusion zone and at the wafer bevel is necessary.

Cu contamination during CMP.—During CMP, wafers are im
mersed in a solution containing Cu. Copper particles and diss
Cu atoms may redeposit not only on the wafer front surface bu
on the back side and on the bevel. The typical post Cu CMP c
ing method is a double-side cleaning with dilute HF~DHF! solution.

The wafer structure used in this experiment is Cu~200 nm!/USG
~1 mm!/Si. The 1mm USG film was deposited in a plasma-enhan
chemical vapor deposition~PECVD!system and the 200 nm Cu fi
was deposited in a PVD system. The Cu film was removed by
dard Cu CMP process followed by post-CMP cleaning process
DHF. Wafers 1 and 2 received the CMP and post-CMP clea
processes one time. The other three wafers~3-5! received the CM
and post-CMP cleaning processes two times. The CMP proce

.

osition B, and~c! position C.
~b! p
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moved 20 and 50 nm USG at the first and second CMP proce
respectively. The surface concentration of Cu at the back sid
front side of wafers was then analyzed by total reflective X
fluorescence spectroscopy~TXRF!. The detection limit for Cu wa
1010 atom/cm2. Five positions were measured on each wafer.
positions of the five measurement points are shown in Fig. 3.

Table 1 lists the split conditions and results of this experim
When the wafers were processed by CMP once~wafers 1 and 2!
copper contamination on the back side surface of wafers was b
the detection limit of TXRF. For the wafers that received the C
process twice, severe Cu contamination was observed at the
back side surface~wafers 3 and 4!but no Cu contamination on th
front side surface~wafer 5!. Because DHF was used for post-C
cleaning, a thin SiO2 layer of about 10 nm on the front side w
etched away. It is an efficient method to remove contamination
embedded in SiO2 . Thus, even if the wafers received the C
process several times, no Cu signal was detected on the fron
after post-CMP cleaning. There was a thin native SiO2 layer at the
back side originally. Before post-CMP the back side surface
hydrophilic because of a large amount of Si-O bonds on it. The
post-CMP clean etched this copper contaminated surface
layer, which explains the high efficiency of post-CMP cleaning
back surface of the wafers that received the Cu CMP once.

Figure 3. Five measurement positions where the TXRF analysis was
formed.

Table I. Cu contamination at wafer back side surface or front
side surface after Cu-CMP and post-CMP cleaning with DHF.

Wafer ID Structure
Cu-CMP
~times! TXRF

Average Cu concentratio
(1010 atom/cm2)

1 Cu/SiO2 /Si 1 Back side Below detection limit
2 Cu/SiO2 /Si 1 Back side Below detection limit
3 Cu/SiO2 /Si 2 Back side 11-67
4 Cu/SiO2 /Si 2 Back side 18-104
5 Cu/SiO /Si 2 Front side Below detection limit
2
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post-CMP treatment, Si-H bonds appeared on the back side s
at about a monolayer density. For wafers that received the Cu
process twice, the property of back side surface was hydrop
due to Si-H bonds on the back side surface; hence the post
cleaning efficiency became relatively weak. If the copper adher
the back side, the silicon and copper may not be etched b
post-CMP echant.24,25

This study indicates that the efficiency of post-CMP clea
depends on the properties of wafer surface. If Si-H bonds appe
wafer surface during the post-CMP clean, it is possible for Cu a
to remain on the wafer surface.

Equipment Description

As described in the previous section, Cu contamination ma
cur at the wafer back side, bevel edge, and front surface exc
zone. Such Cu contamination must be removed entirely to pr
cross contamination and subsequent processing problems. A s
wafer spin-etch equipment with a Bernoulli chuck was used for
purpose.

As shown in Fig. 4, the core of the equipment is a single w
process chamber within which the wafer is supported on the
noulli chuck. The wafer is supported, with the front side down
back side up, on a nitrogen gas blanket created by controlled
gen flow through the chuck. Six perimeter pins~not shown in Fig. 4!
are in contact with the wafer edge to center the wafer within
process chamber. A pipe vents gases,e.g., nitrogen from the waf
chuck, from the process chamber. The wafer is spun with the c
and perimeter pins. Supply lines from media tanks supply th
lected media, or chemicals/solutions to the process chambe
terminate at radially oscillating overhead nozzles spaced apart
the wafer. An etchant, for example, is dispensed from an ove
nozzle onto the back side of wafer. Control of etchant visco
simultaneous radial and tangential etchant flow, and Bernoull
flow enables etching of Cu contamination from the wafer back
A ‘‘wraparound’’ effect also permits removal of thin-film contam
nation from the bevel and front side exclusion zone from 0.5 to
mm of the wafer edge.

The process chamber includes stacked process levels, wh
ceive the specific chemicals applied to the spinning wafer from
respective media supply lines. The wafer is raised or lowered
the chuck and perimeter pins to level with the stacked process
corresponding to the chemical to be applied to the wafer. The ch
cals are collected and removed from the process chamber via r

Figure 4. Schematic cross-sectional illustration of the process chamb
the single-wafer spin-etch equipment used in this work.
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tive media return lines. The collected chemicals can be filtered
turned to the media tanks, and reused. If the contamination
recirculated chemicals is a concern, the used chemical ca
drained directly. The above process avoids the necessity of hav
protect the front side of the wafer from the etchant. For example
etchant is selectively applied to the back side of a spinning w
and spun off the wafer into the selected process level. Afte
etching or cleaning step, the wafer is then repositioned adjace
another corresponding process level and is then cleaned or
with DI water and then rapidly dried with a flow of nitrogen.

Optimized Cleaning Process

Etchant selection.—To etch away a thin surface layer one m
remove Cu contamination completely. Furthermore, a smooth
face is preferred to avoid trapping of Cu atoms. Thus, an accep
Cu-clean recipe must satisfy several requirements including
uniformity, suitable viscosity to clean the bevel and exclusion z
the ability to etch several thin films such as Si, SiO2 , Ta, and TaN
and the ability to polish the back side of the wafer.

First a suitable etchant composition was developed. Etc
with various compositions from the four acids; HF, HNO3 , H2SO4 ,
and H3PO4 were mixed and the basic performance was evalu
The role of nitric acid was to eliminate Cu contamination and
dize the silicon on the back surface of wafer.21 HNO3 can also
oxidize most metals to the corresponding cation. Hydrofluoric
was used to remove silicon dioxide from the back side or bev
the wafer and also the barrier film of Ta or TaN at the beve
exclusion zone of the wafer. The etch rate of Si and SiO2 may be
adjusted by altering the content of HF and HNO3 in the etchant
Phosphoric acid and sulfuric acid were used to polish the si
surface to reduce the trapping of metal atoms in the subse
process.

Two sets of four acid etchants consisted of HF, HNO3 , H2SO4 ,
and H3PO4 , three sets of three acid etchants consisted of
HNO3 , and H3PO4 , and another three sets of three acid etch
consisted of HF, HNO3 , and H2SO4 . These etchants were prepa
for cleaning processes and all are listed in Table II. Two
etchants consisting of only HF and HNO3 were also evaluated. Th
etch rate of Si and SiO2 and the polishing ability was much poo
than those of the three acid and four acid etchant mixtures.

Table II shows the eight etchant mixtures in which the etc
ability of Cu ~1 mm!/Ta or TaN~500 Å! film grown on the silicon
wafer, the polishing ability on the wafer back side surface, and
splash phenomenon at perimeter pins are also listed. Etchan
and 2F cannot remove the Cu~1 mm!/Ta or TaN~500 Å! film com-

Table II. Chemical compositions of etchants and the correspond-
ing process properties.

Solution
Chemical composition

~vol ratio!
Removal of
Cu, Ta, TaN

Polishing
ability Splash

1A HF:HNO3 :H2SO4 :H3PO4
0.5:3:0.5:1

Yes Yes No

1B HF:HNO3 :H2SO4:H3PO4
0.5:3:1:0.5

Yes Yes No

2A HF:HNO3 :H3PO4
0.5:3:1.5

Yes Yes No

2B HF:HNO3 :H3PO4
6:0.5:3

Yes No A little

2C HF:HNO3 :H3PO4 :DI water
6:0.5:3:3

Yes No A little

2D HF:HNO3 :H2SO4
0.5:3:1.5

Yes Yes No

2E HF:HNO3 :H2SO4
6:0.5:3

No No No

2F HF:HNO3 :H2SO4
6:0.5:0.5

No No No
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pletely within the 60 s processing time, because these etchant
very low etch rates for Ta and TaN films. Etchants 2B, 2C, 2E,
2F with high ratio of HF can not polish the back surface of the w
because the etch rate of silicon dioxide is too high. A high amou
acid accumulated near the pin splashes onto the wafer fron
when the back side cleaning process is performed. The splas
nomenon depends on the viscosity of the etchant mixture. Spla
at the perimeter pins may occur due to increasing the ratio of H
adding DI water.

The polishing ability can be judged qualitatively by inspec
the surface reflectivity. The polishing ability strongly depends on
ratio of HF and HNO3 . For a high HF/HNO3 ratio, the polishing
ability was diminished. H2SO4 and H3PO4 play a similar role o
polishing ability. Among the eight etchants, only four etchants,
1B, 2A, and 2D, have the ability to polish Si. Microroughness m
surements were performed on the back side surface of a bare
wafer using a contact mode atomic force microscope~AFM! before
and after a wafer processed with the 1B or 2B etchant for 6
Figure 5a, b, and c shows the morphology states before and
processing with etchants 1B and 2B, respectively. The root-m

Figure 5. Three-dimensional maps of microroughness of the back side
face of wafers~a! before back side cleaning process,~b! after cleaning with
the 1B etchant for 60 s, and~c! after cleaning with the 2B etchant for 60
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square~rms! roughness of the initial wafer was 0.177mm. After
processing with the 1B etchant, the rms roughness decreas
0.104mm. When processed with the 2B etchants, the rms rough
increased to 0.208mm. Apparently the high HF content degrades
polishing ability.

Table III lists the etch rate uniformity of 1A, 1B, 2A, and 2
etchants. Because the etch rate of bare Si is difficult to measur
etch rate of SiO2 was measured instead. The etch rate for the
etchant mixtures were similar, but the 1B etchant showed the
etching rate uniformity.

According to the above results, the 1B etchant showed the
uniformity, good polishing ability of Si surface, good ability to e
Cu, Ta, and TaN, and no splash problem at the perimeter
Therefore, the 1B etchant was employed in the following sub
tions to further optimize the cleaning techniques.

Back side clean.—To evaluate the efficiency of the back
cleaning with the four acid mixture, the cleaning process
etchant 1B was performed on wafers that had a 2000 Å thick co
layer deposited directly on bare silicon. The copper film
stripped using an etchant consisting of H3PO4 and HNO3 in a vol-
ume ratio of 2:0.12 at 45°C. The etch rate of etchant 1B was
sured on a photoresist patterned wafer. After etching with etcha
for 10 and 20 s and removal of photoresist, the thicknesses
removed were measured with a surface profiler and were 26
530 nm, respectively. The copper concentration on the wafer su
before and after cleaning was analyzed with TXRF. Table IV
the measurement results. A very high surface concentration o
higher than 13 1014 atom/cm2, was detected on the Si surface a
stripping of Cu film. This result indicates that even without ther
treatment, Cu atoms are still interacted with Si or diffused into
a shallow depth. A 10 s cleaning with etchant 1B was sufficie
reduce the surface concentration of Cu to 13 1010 atom/cm2 or
below. This is far below the failure threshold of 5
3 1010 atom/cm2 for copper at BEOL processes.21,26-28The proces
time used in this work is shorter than that reported by Itohet al.23

and the efficiency of cleaning is also better.

Bevel and exclusion zone clean.—Cu was deposited on the wa
bevel and exclusion zone during the PVD process step. It is p
able to clean the bevel and exclusion zone simultaneously wit
back side surface in the same process step. During the bac
clean, the etchant removed approximately 200 nm of Si from
back surface of the wafer so that any Cu contamination within th
surface layer was removed. A ‘‘wraparound effect’’ permited

Table III. Etching rate and uniformity of the etchants that can
polish the wafer back side surface.

Solution
Etching rate for SiO2

~nm/min!

Uniformity
~3s!
~%!

1A 149 3.7
1B 148 2.9
2A 144 5.2
2D 144 4.7

Table IV. Cu concentration on wafer back side surface after cleani

Measurement
Position
~mm, mm!

After Cu strip
(1010 atom/cm2)

Center~0, 0! 19,502
~50, 0! 14,212
~0, 50! 13,887
(250, 0) 12,230
(0, 250) 12,870
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removal of the thin film at the beveled edge and the front
exclusion zone. The width of exclusion zone that can be cle
depended on the viscosity of etchant, the spin speed, and the
gen flow rate of the Bernoulli chuck. The exclusion zone resu
from the photolithography process and was variable. Typica
was 2 mm for the current deep submicrometer process techn
Therefore, it is satisfactory to clean the wafer bevel edge and
side exclusion zone of 1 to 2 mm when the wafer back sid
cleaned.

To evaluate the cleaning ability at the wafer bevel and exclu
zone, wafers with Cu~200 nm!/SiO2 ~1 mm!/Si were prepared. N
shield ring was used during the Cu deposition. Therefore, the e
sion zone and wafer bevel were covered with Cu film. With a ch
spin speed from about 175 to 300 rpm and a nitrogen chuck
rate from about 70 to 300 L/min, the exclusion zone can be cle
from 2 to 1 mm, respectively. This result is similar to that repo
in Ref. 23. Figure 6 shows the EDS spectra on the front sid
wafer at the position of 2 and 2.5 mm away from the wafer e
after cleaning at a chuck spin speed of 175 rpm and a chuck nit
flow rate of 70 L/min for 10 s. Clearly, within the 2 mm exclus
zone, all the Cu can be removed using the above cleaning rec

Pinmarks.—Although no splash problem was encountered i
above experiments, it was observed that the etchant,i.e., acid solu
tion, accumulated near the perimeter pins at the wafer edg
corroded the Cu film around the perimeter pins gradually formi
pinmark. Figure 7 shows an example of the pinmark. The pro
parameters must be further optimized to solve this problem. In
work, a ‘‘wafer shift’’ technique is proposed to solve the pinm
problem.

Figure 6. EDS spectra on the front side of wafer at the position of~a! 2 mm
~solid line! and~b! 2.5 mm~dashed line!away from wafer edge after clea
ing at a chuck spin speed of 175 rpm and a chuck nitrogen flow rate
L/min for 10 s.

with the 1B etchant for 10 and 20 s.

After cleaning
for 10 s

(1010 atom/cm2)

After cleaning
for 20 s

(1010 atom/cm2)

Below detection limit Below detection limit
1.8 1.7

Below detection limit 1.2
Below detection limit Below detection limit
Below detection limit Below detection limit
ng it
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As shown in Fig. 8a, nitrogen gas flows through the Bern
chuck in a predetermined pattern and supports the wafer bac
on a cushion of nitrogen gas. In this work, the chuck has 24 h
through which nitrogen flows to support the wafer initially and t
six perimeter pins contact the wafer edge~labeled A-F!to fix the
wafer position. At a predetermined time, the etchant flow
stopped and wafer was rotated relative to the chuck so tha
contact positions A-F were shifted to A8-F8 as shown in Fig. 8b
Specifically, the rotation speed of chuck was accelerated so th
rotation speed of pins was greater than the rotation speed o
wafer. Nitrogen flow through the chuck was maintained. At the p
of wafer shift, the perimeter pins released briefly to avoid acid
cumulation at pin locations A-F and the pins then recontacte
wafer at A8-F8. This process was repeated at predetermined

Figure 7. Optical microscopic image of pinmark at wafer edge proxima
the perimeter pins.
 address. Redistribution subject to ECS terms140.113.38.11aded on 2014-04-26 to IP 
e

e

vals. This washed away any accumulation of the etchant in the
imity of contacts A-F. At the next and any subsequent wafer s
contact positions A8-F8 are changed to A9-F9, and contact position
A9-F9 are subsequently changed to contacts A--F- and so on. Th
wafer shift procedure was continuously performed throughou
clean step and the DI water rinse step.

Based on the above concept, the back side clean recipe u
the previous section was modified by incorporating the wafer
procedure. The etchant was applied to the wafer for a total tim
10 s. The wafer shift function was done every 3 s, that is the w
shift occurred around the third and sixth second of the 10 s cle
step. Once the cleaning step was completed, the wafer was s
again and DI water was applied to rinse the wafer. During the
rinsing step, the wafer was shifted about every 10 or 15 s with
water flow rate of 1-2 L/min. With the wafer shift operation,
pinmark totally disappeared.

Product Verification

The optimized cleaning technique has been integrated int
multilevel interconnect process. The back side of the wafe
cleaned after every process step of Cu deposition, IMD pos
cleaning, and post-CMP cleaning. A test vehicle with one po
layer and three Al-interconnect layers was used to verify the c
ing technique. There are six test circuits in the test vehicle:
logic circuits and four static random access memory~SRAM! cir-
cuits. Wafers were processed to the formation of W-contact
Four wafers were fabricated with the conventional Al-intercon
process and the other four wafers were fabricated with the
interconnect process. The first Cu layer was formed with a si
damascene process and the other layers were formed with a
damascene process. 97 dies were measured on each wafer. F

Figure 8. Schematic illustrations of~a!
the positions of the six perimeter pi
~A-F! to fix and center wafer and~b! the
new positions of the six perimeter pi
(A8-F8) after wafer shift.

Figure 9. The yield of the six test circuits with Cu interconnect. The res
were normalized to the yield of test circuits with Al interconnect.
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shows the average yield of Cu-interconnect wafers normalized
yield of Al-interconnect wafers. The yields of the six test circ
were almost identical.

Conclusions

Copper contamination of the wafer bevel, back side surface
exclusion zone were identified step-by-step for the dual-dama
process. It was observed that the shield ring of the PVD system
not protect the exclusion zone and wafer bevel from Cu contam
tion efficiently. It was also observed that Cu may dissolve and
cumulate in the solvent used for post-IMD etch clean and the
solved Cu atoms may redeposit on the back side surface due
surface roughness. Once Cu atoms are deposited on the waf
face, a simple surface cleaning is not able to remove them en
The most efficient method to remove Cu totally is to etch away
thin oxide surface layer. It was also shown that the rough back
surface more easily trapped Cu atoms than the smooth front su
The back side surface polished wafer is not sensitive to Cu con
nation. In that there is no SiO2 on the back side surface, post-CM
cleaning using dilute HF is unable to remove Cu from the back
surface.

To ensure that the wafer bevel, back side surface, and exc
zone are free of Cu contamination, an optimized single-wafer
clean process was developed. Several etchants, mixtures of fo
ids, three acids, and two acids, were prepared and examine
etchant consisting of HF, HNO3 , H2SO4 , and H3PO4 with ratios
0.5:3:1:0.5 showed the best uniformity, good polishing ability
the back side surface, good etching ability of Cu, Ta, and TaN
no splash problem at the perimeter pins. Experiments demons
that a very short 10 s back side cleaning can totally remove Cu
the back side surface, bevel, and 2 mm exclusion zone. A wafe
procedure was also proposed to solve the issue of pinmarks
edge pins due to etchant accumulation. The optimized cleaning
onstrated shorter process time and higher cleaning efficiency
processes reported previously. Finally, a test vehicle with six t
of circuits demonstrated identical yield of wafers fabricated
Al-interconnect and Cu-interconnect.

It is concluded that with a suitable back side cleaning proc
wafers with no Cu contamination at the wafer bevel, back side
exclusion zone can be guaranteed. A low cost, high throughput
efficiency back side cleaning technique was demonstrated us
single-wafer spin clean equipment with a Bernoulli chuck. With
optimized cleaning technique, cross contamination during th
process during wafer handling and wafer transfer can be elimin
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