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(57) ABSTRACT 

A process is provided for removing polymer from a backside 
of a workpiece. The process includes Supporting the work 
piece on the backside in a vacuum chamber while leaving at 
least a peripheral annular portion of the backside exposed. 
The process further includes confining gas flow at the edge of 
the workpiece within a gap at the edge of the workpiece on the 
order of about 1% of the diameter of the chamber, the gap 
defining a boundary between an upper process Zone contain 
ing the wafer front side and a lower process Zone containing 
the wafer backside. The process also includes providing a 
polymer etch precursor gas underneath the backside edge of 
the workpiece and applying RF power to a region underlying 
the backside edge of the workpiece to generate a first plasma 
of polymer etch species concentrated in an annular ring con 
centric with and underneath the backside edge of the work 
p1ece. 
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4O2 Support the Wafer so as to Expose a Peripheral 
Portion of the Wafer Back Side While Heating the 

Wafer to on the Order of 300 degrees C 

404 Define an Upper Process Zone Above the Wafer Front 
Side and a Lower Process Zone Below the Wafer Back 
Side With Minimal Migration of Gas Between the Two 
Zones by Maintaining a Small Wafer-to-Sidewall Gap 

Prevent Accumulation of Etch Species or Plasma at 4O6 
the Wafer Front Side by Maintaining a Small 

Wafer-to-Ceiling Gap (Height of Upper Process Zone) 

408 Generate a Plasma in an External Plasma Chamber 
With a Polymer Etchant Precursor Gas (e.g., Oxygen), 

and Introduce By-Products (e.g., Radicals, Free Oxygen) 
from the Plasma into the Lower Process Zone so as to 

Etch Polymer from the Wafer Back Side 

41 O Enhance the Amount of Polymer Etchant Precursor 
Species (Oxygen) by Introducing a Dissociation Agent 
(Nitrogen Gas) Into the External Plasma Chamber 

412 Reduce the Amount of Polymer Etchant Precursor 
Species (Oxygen) in the Upper Process Zone by Injecting 
a Purge Gas (Na or Ar) into the Upper Process Zone 

414 Further Reduce Etchant Species in the Upper Process 
Zone by Introducing Into the Upper Zone a Scavenger 
Gas (e.g., H2 or CO) That Scavenges the Etch Species 

FIG 5 
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416 Support the Wafer so as to Expose a Peripheral 
Portion of the Wafer Back Side While Heating the 

Wafer to on the Order of 300 degrees C 

4.18 Define an Upper Process Zone Above the Wafer Front 
Side and a Lower Process Zone Below the Wafer Back 
Side With Minimal Migration of Gas Between the Two 
Zones by Maintaining a Small Wafer-to-Sidewall Gap 

Prevent Accumulation of Etch Species or Plasma at 42O 
the Wafer Front Side by Maintaining a Small 

Wafer-to-Ceiling Gap (Height of Upper Process Zone) 

Generate a Plasma in an External Plasma Chamber 422 
With a Polymer Etchant Precursor Gas (e.g., Oxygen), 

and Introduce By-Products (e.g., Radicals, Free Oxygen) 
from the Plasma Into the Lower Process Zone so as to 

Etch Polymer from the Wafer Back Side 

Enhance Dissociation of the Polymer Etchant Precursor 424 
Species (Oxygen) by Introducing a Dissociation Agent 
(Nitrogen) Into the Lower External Plasma Chamber 

Generate a Second Plasma in an Upper External Plasma 426 
Chamber with a Scavenger Species (H2 or N2) that 
Scavenges the Polymer Etch Species, and Introduce 
By-Products of the Second Plasma (H Radicals or N 

Radicals) into the Upper Process Zone 

428 Evacuate the Upper Process Zone at a Pumping Port 
Near the Wafer Edge to Remove Polymer Etchant Species 
(Oxygen) from the Upper Process Zone at a Sufficiently 

High Rate to Avoid Damage of Critical (Carbon-Containing 
or Low-k) Films on the Wafer Front Side 

Evacuate the Lower Process Zone at a Pumping Port Near 43O 
the Edge of the Wafer at a Sufficiently High Rate to Minimize 

Migration of Polymer Etchant Species (Oxygen) from the 
Lower Process Zone Into the Upper Process Zone 

FIG 6 
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452 Stop Flow of Polymer Etchant Species (Oxygen) from the 
Lower External Plasma Chamber to the Lower Process Zone 

Increase the Wafer-to-Ceiling Gap Sufficiently to Permit 434 
Accumulation of Etchant Species in the Upper Process Zone 

Introduce at a Reduced Flow Rate an Oxygen-Containing 436 
Species (H20 or N2O) Along with the H2 Gas Into the 

Upper External Plasma Source so as to Enhance the Etch 
Rate of Photoresist from the Wafer Front Side 

FIG 7 

Stop Flow of Polymer Etchant Species (Oxygen) from the 4.38 
Lower External Plasma Chamber to the Lower Process Zone 

Increase the Wafer-to-Ceiling Gap Sufficiently to Permit 440 
Accumulation of Etchant Species in the Upper Process Zone 

Introduce a Photoresist Removal Species Gas (H2) 442 
Into the Upper Process Zone 

Introduce at a Reduced Flow Rate an Oxygen-Containing 444 
Species (H20 or N2O) Into the Upper Process Region 

4.46 Apply RF Power Into the Upper Process Zone to Produce 
a Capacitively Coupled Plasma that Removes Photoresist 

from the Wafer Front Side 

FIG 8 
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44-8 Support the Wafer so as to Expose a Peripheral 
Portion of the Wafer Back Side While Heating the 

Wafer to on the Order of 300 degrees C 

Define an Upper Process Zone Above the Wafer Front 450 
Side and a Lower Process Zone Below the Wafer Back 
Side With Minimal Migration of Gas Between the Two 
Zones by Maintaining a Small Wafer-to-Sidewall Gap 

Prevent Accumulation of Etch Species or Plasma at 452 
the Wafer Front Side by Maintaining a Small 

Wafer-to-Ceiling Gap (Height of Upper Process Zone) 
454 Generate a First Plasma in a Local External Plasma Chamber 

with a Polymer Etchant Precursor Gas (e.g., Oxygen), and 
Direct a Narrow Stream or Jet of By-Products from the First 
Plasma Through an Injection Orifice Near the Wafer Back Side 

Directly at the Wafer Back Side While Rotating the Wafer 

Enhance Dissociation of the Polymer Etchant Precursor 456 
Species (Oxygen) by Introducing a Dissociation Agent 
(Nitrogen) Into the Lower External Plasma Chamber 

Enhance Back Side Polymer Etch Rate by Applying RF Bias 457 
Power Across the Local External Plasma Chamber and the 
Wafer to Increase Ion Energy in the Stream of By-Products 

Generate a Second Plasma in a Top External Plasma 458 
Chamber with a Scavenger Species (H2) and a Small 

Proportion of an Oxygen-Containing Species (H20 or N2O) 
and Introduce By-Products of the Second Plasma Into the 

Top Process Region, so as to Simultaneously Remove 
Back Side Polymer and Remove Front Side Phoresist 

Evacuate the Upper Process Zone at a Pumping Port 46O 
Near the Wafer Edge to Remove Polymer Etchant Species 
(Oxygen) from the Upper Process Zone at a Sufficiently 

High Rate to Avoid Damage of Critical (Carbon-Containing 
or Low-k) Films on the Wafer Front Side 

Evacuate the Lower Process Zone at a Pumping Port Near 462 
the Edge of the Wafer at a Sufficiently High Rate to Minimize 

Migration of Polymer Etchant Species (Oxygen) from the 
Lower Process Zone Into the Upper Process Zone 

FIG 9 
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464 Support the Wafer so as to Expose a Peripheral 
Portion of the Wafer Back Side While Heating the 

Wafer to on the Order of 300 degrees C 

466 Define an Upper Process Zone Above the Wafer Front 
Side and a Lower Process Zone Below the Wafer Back 
Side With Minimal Migration of Gas Between the Two 
Zones by Maintaining a Small Wafer-to-Sidewall Gap 

Generate a First Plasma in a Bottom External Plasma 468 
Chamber with a Polymer Etchant Precursor Gas (e.g., Oxygen) 
and Introduce By-Products (e.g., Radicals, Free Oxygen) from 

the Plasma into the Lower Process Zone so as to Etch 
Polymer from the Wafer Back Side 

Enhance Dissociation of the Polymer Etchant Precursor 47O 
Species (Oxygen) by Introducing a Dissociation Agent 
(Nitrogen) Into the Lower External Plasma Chamber 

472 Generate a Second Plasma in a Top External Plasma 
Chamber with a Scavenger Species (H2) and a Small 

Proportion of an Oxygen-Containing Species (H20 or N2O) 
and Introduce By-Products of the Second Plasma Into the 

Top Process Region, so as to Simultaneously Remove 
Back Side Polymer and Remove Front Side Phoresist 

FIG 1 O 
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6OO 
Support the Wafer so as to Expose a 

Peripheral Portion of the Wafer Back Side 

Maintain the Wafer Temperature Below a Radical Reaction 2 
Threshold Temperature to Protect the Wafer Front Side 

6O4 
Define an Upper Process Zone Above the Wafer Front 
Side and a Lower Zone Below the Wafer Back Side 

with Minimal Migration of Gas Between the Two Zones 
by Maintaining a Small Wafer-to-Sidewall Gap 

6O6 
Prevent Accumulation of Etch Species or Plasma at the 
Wafer Front Side by Maintaining a Small Wafer-to-Ceiling 

Gap (the Height of the Upper Process Zone) 

Purge the Upper Process Zone with a Gas 608 

61O 
Evacuate the Upper Process Zone at a Pumping 

Port Near the Edge of the Wafer 

612 
Evacuate the Lower Process Zone at a Pumping 

Port Near the Edge of the Wafer 

O 614 
Perform Reactive Ion Etching of Polymer on the 

Wafer Backside Until Backside Polymer is Removed 

616 
Lower Wafer to Increase Height of Upper Process 
Zone to Permit Accumulation of Radicals or Ions 

in the Upper Process Zone 

Increase the Wafer Temperature 
Above the Radical Reaction Threshold 

618 622 

Perform Reactive Ion 
Etching of Photoresist 

on the Wafer Front Side 

Introduce Photoresist Removal 
Radicals from the Plasma Source 
Into the Upper Chamber Until End 

Complete Removal of Photoresist 

FIG 1 7 from the Wafer Front Side 
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PROCESS FORWAFER BACKSIDE 
POLYMER REMOVAL WITH ARING OF 

PLASMA UNDER THE WAFER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application Ser. No. 60/898,645, filed Jan. 30, 2007. 

BACKGROUND 

0002 Plasma processing of a workpiece or semiconductor 
wafer, particularly dielectric etch plasma processing, typi 
cally employs carbon-containing process gases (e.g., fluoro 
carbon or fluoro-hydrocarbon gases) that enhance the etch 
selectivity of dielectric materials, such as silicon dioxide, 
relative to other materials such as silicon. These processes are 
used to treat the front (top) side of the wafer on which the 
microelectronic thin film structures are formed. The opposite 
(back) side of the wafer is typically unpatterned. One problem 
is that the carbon-containing process gases tend to form poly 
mer precursors in the plasma, which can leave a polymer 
residue on the front side of the wafer and on the exposed 
portion of the backside of the wafer, and even some distance 
under the unexposed portion of the wafer backside. Such 
residues should be removed to avoid contamination of later 
processing steps. The polymer residues deposited on the 
wafer front side tend to be easily removed with plasma ion 
bombardment using appropriate chemistry. However, the 
wafer edge is beveled, and the curved surface on the backside 
of the wafer edge is also exposed and therefore susceptible to 
polymer deposition during plasma processing. The backside 
of the curved surface of the wafer edge is shadowed from ion 
bombardment during plasma processing so is more difficult to 
remove, but can be removed in an oxygen plasma at high 
temperature (e.g., above 300 degrees C.). Such difficult-to 
remove polymer films require a post-etch polymer removal 
step using (for example) an oxygen-rich plasma for thorough 
polymer removal. 
0003. In many applications, the plasma etch process is 
used to form openings (e.g., trenches or contact holes) 
through multiple thin films on the wafer front side. Such thin 
film structures can include (for example) a special carbon 
containing dielectric film having an ultra-low dielectric con 
stant (ultra low-K film). The ultra low-K film is exposed in 
cross-section at the side wall of each trench or contact open 
ing formed by the etch process step. Attempting to remove the 
back-side polymer film by heating and exposing the wafer to 
an oxygen-rich plasma (during a post-etch polymer removal 
step) will damage the ultra low-K film by removing carbon 
from it. In Semiconductor structures having 60 nm features 
sizes (or Smaller). Such damage to the ultra-low K film is 
permitted only to a depth of about 3 nm beyond the exposed 
Surface (e.g., 3 nm beyond the sidewall of the opening). In 
contrast, the polymer film deposited on the wafer backside 
edge is about 700 nm thick. It is generally difficult if not 
impossible to avoid damaging the ultra low-K (ULK) film 
beyond the permissible 3 nm depth while exposing the wafer 
to an oxygen-rich plasma of a sufficient density and for a 
sufficient time to remove 700 nm of polymer from the back 
side of the wafer edge or bevel. The required polymer-to 
ULK film etch selectivity (over 200: 1) for such a polymer 
removal process in general cannot be maintained reliably in 
conventional processes. 
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0004. In conventional plasma reactor chambers, the wafer 
Support pedestal includes an annular collar Surrounding the 
edge of the wafer. Such a collar tends to shield the wafer edge, 
but cannot be sufficiently close to the wafer edge to prevent 
polymer deposition on the backside of the wafer edge. This is 
because some finite gap between the wafer edge and the collar 
is required to accommodate variations in the robot wafer 
placement and tolerance Stackup. Moreover, the wafer edge 
to-collar gap tends to increase as successive wafers are etched 
in the chamber, since the collar is (typically) formed of a 
process-compatible material (e.g., quartz, Silicon or silicon 
carbide) that is gradually etched away during plasma etch 
processing of Successive wafers. Therefore, it has seemed 
inevitable that unwanted polymer is deposited on the wafer, 
including the backside edge of the wafer. 
0005. The foregoing problems might be avoided by using 
a rich mixture of oxygen in the plasma during the initial etch 
process. However, this approach is not practical if the thin 
film structure on the wafer includes an ultra-low K film that is 
exposed on a sidewall of an etched opening. Such a rich 
oxygen mixture in the etch plasma would cause unacceptable 
damage to the ultra-low K film. 
0006. There is a need for a way of removing polymer from 
the backside of the wafer (i.e., the backside of the wafer edge) 
without harming or damaging any low-K film layers in thin 
film structure. 

SUMMARY OF THE INVENTION 

0007. A process is provided for removing polymer from a 
backside of a workpiece. The process includes Supporting the 
workpiece on the backside in a vacuum chamber while leav 
ing at least a peripheral annular portion of the backside 
exposed. The process further includes confining gas flow at 
the edge of the workpiece within a gap at the edge of the 
workpiece on the order of about 1% of the diameter of the 
chamber, the gap defining a boundary between an upper pro 
cess Zone containing the wafer front side and a lower process 
Zone containing the wafer backside. The process also 
includes providing a polymer etch precursor gas underneath 
the backside edge of the workpiece and applying RF power to 
a region underlying the backside edge of the workpiece to 
generate a first plasma of polymer etch species concentrated 
in an annular ring concentric with and underneath the back 
side edge of the workpiece. 
0008. The process can further include removing polymer 
etch species from the upper process Zone. In one embodi 
ment, removing polymer etch species from the upper process 
Zone is carried out by pumping a purge gas into a center 
portion of the upper process Zone while evacuating the upper 
process Zone through a slit opening at the periphery of the 
upper process Zone. The purge gas may be either a non 
reactive species or a reactive scavenger species. 
0009. In another embodiment, removing polymer etch 
species from the upper process Zone is carried out by gener 
ating a second plasma from a precursor gas of a Scavenger of 
the polymeretch species, and introducing Scavenger by-prod 
ucts from the second plasma into the upper process Zone. 
0010. In one embodiment, the upper process Zone is 
evacuated through a slit opening Surrounding the upper pro 
cess Zone. In a related embodiment, the lower process Zone is 
evacuated through a slit opening Surrounding the lower pro 
cess Zone near the edge of the workpiece. 
0011. In one embodiment, the process includes confining 
the upper process Zone between the wafer front side and a 
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ceiling of the reactor to an upper process Zone height on the 
order of about 1% of the diameter of the chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. So that the manner in which the above recited 
embodiments of the invention are attained and can be under 
stood in detail, a more particular description of the invention, 
briefly summarized above, may be had by reference to the 
embodiments thereof which are illustrated in the appended 
drawings. It is to be noted, however, that the appended draw 
ings illustrate only typical embodiments of this invention and 
are therefore not to be considered limiting of its scope, for the 
invention may admit to other equally effective embodiments. 
0013 FIG.1.A depicts a backside polymer removal reactor 
chamber in which polymer etch species are furnished from a 
first external plasma source toward the backside of the wafer. 
0014 FIGS. 1B and 1C are plan and elevational views, 
respectively, of an implementation of the workpiece Support 
pedestal in the reactor of FIG. 1A that can be used in each of 
the reactors described herein. 
0015 FIG. 2 depicts a modification of the backside poly 
mer removal reactor chamber of FIG. 1A in which etchant 
Scavenger species are supplied from a second external plasma 
source toward the front side of the wafer. 
0016 FIG. 3 depicts another backside polymer removal 
reactor chamber in which a concentrated stream of hot radi 
cals or ions are directed to the wafer backside edge from a 
separate plasma source that is near the wafer. 
0017 FIG. 4 is an enlarged view of a portion of the cham 
ber of FIG. 3 depicting the placement of special materials to 
contain the concentrated stream of hot radicals or ions. 
0018 FIG. 5 depicts a backside polymer removal process 
carried out with the reactor chamber of FIG. 1A. 
0019 FIG. 6 depicts a backside polymer removal process 
carried out with the reactor chamber of FIG. 2. 
0020 FIG. 7 depicts a group of additional steps for the 
process of FIG. 6 for removing photoresist from the wafer 
front side. 
0021 FIG. 8 depicts an alternative group of additional 
steps for the process of FIG. 6 for removing photoresist from 
the wafer front side. 
0022 FIG.9 depicts a backside polymer removal process 
carried out with the reactor of FIG. 3. 
0023 FIG. 10 depicts an alternative process carried out in 
the reactor of FIG. 2 for simultaneously removing backside 
polymer and removing frontside photoresist from the wafer. 
0024 FIG. 11 depicts a modification of the reactor of FIG. 
3 in which the external plasma Source of the plasma stream is 
replaced by an internal inductively coupled source. 
0025 FIG. 12 depicts a modification of the reactor of FIG. 
11, in which the internal inductively coupled source is 
replaced by an internal capacitively coupled source. 
0026 FIG. 13 depicts an alternative approach in which a 
ring plasma is generated beneath the wafer backside edge by 
an inductively coupled Source. 
0027 FIG. 14 depicts a modification of the reactor of FIG. 
13 in which the inductively coupled source is replaced by an 
internal capacitively coupled source electrode for generating 
the ring plasma. 
0028 FIG. 15 depicts a modification of the reactor of FIG. 
14 in which the internal capacitively coupled source electrode 
is replaced by an external capacitively coupled source elec 
trode. 
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0029 FIG. 16 depicts a feature of the ceiling for shielding 
the wafer front side during backside polymer removal. 
0030 FIG. 17 is a block diagram of a process for backside 
polymer removal and front side photoresist strip involving 
temperature Switching. 
0031 FIG. 18 illustrates a first reactor adapted to perform 
the process of FIG. 17. 
0032 FIG. 19 illustrates a second reactor adapted to per 
form the process of FIG. 19. 
0033 FIGS. 20 and 21 depict a modification of the reactor 
of FIG. 2. 
0034) To facilitate understanding, identical reference 
numerals have been used, where possible, to designate iden 
tical elements that are common to the figures. The drawings in 
the figures are all schematic and not to scale. 

DETAILED DESCRIPTION OF THE INVENTION 

0035 Exemplary embodiments of the invention pertain to 
removing polymer from the backside edge of a wafer without 
damaging critical films, such as an ultra low-K dielectric film, 
by heating the wafer in a chamber while exposing only the 
backside of the wafer to polymer etch radicals or plasma 
by-products, such as atomic or free oxygen, from an external 
plasma Source. The oxygen radicals may be provided by an 
external plasma Source which is Supplied with an oxygen 
containing gas or vapor, such as O2, H2O, N2O, CO2, or CO. 
for example. The oxygen-containing gas may be combined or 
diluted with other gases such as H2, N2 or Ar. Other fluorine 
containing gases (such as CF4 or NF3) may be added to allow 
removal of polymer films that contain other materials (such as 
Si) and are not etched efficiently in O chemistry alone. The 
critical films in the thin film structure on the wafer front side 
are protected from damage by the polymer etch species by 
pumping purge gases across the wafer front side. In addition, 
the wafer edge and the chamber side wall are separated by a 
very narrow gap to define a lower process Zone with the wafer 
backside and an upper process Zone with the wafer front side. 
The narrow of the gap is configured to resist or minimize 
migration of polymeretch species from the lower to the upper 
process Zone where it would attack the ultra low-K film on the 
wafer front side. The external plasma source is coupled to the 
lower process Zone so that the polymer etch species are deliv 
ered to the wafer back side. Delivery rate and residence time 
of polymer etch species are minimized in the upper process 
Zone by restricting the height of the upper process region to a 
very narrow gap between the wafer and the chamber ceiling. 
The purge gases pumped across the wafer front side may be 
inert or non-reactive. Such purging reduces the etch rate of the 
front side critical films relative to the backside polymer 
removal rate. 
0036. In one embodiment, to further reduce the etch rate of 
the critical films relative to the backside polymer removal 
rate, the purge gases may be supplemented with or replaced 
by reactive Scavenger gases that chemically scavenge the 
backside polymer etch species in the upper process region. 
0037. In another embodiment, a further increase in the 
backside polymer etch rate is attained by employing a second 
(upper) external plasma Source coupled to the upper process 
Zone. Gases that are precursors of species that scavenge the 
polymer etchant are introduced into the upper external 
plasma Source, to produce Scavenger radicals for the upper 
process Zone that reduce the amount (partial pressure) of 
polymer etchant species in the upper process Zone. In one 
embodiment, pressure is maintained sufficiently low pressure 
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in the upper process Zone to enable the upper external plasma 
Source to generate plasma efficiently, while simultaneously 
achieving a Sufficiently high flow rate of scavenger species to 
protect the wafer front side thin films. In another embodi 
ment, unused polymer etch species are removed from the 
lower process Zone before they migrate to the upper process 
Zone. In one embodiment, the upper and lower process Zones 
are separately evacuated near the wafer edge through separate 
pumping evacuation ports in the sidewall near the wafer edge. 
In addition, the scavenger species from the upper external 
plasma Source may be heated before they enter the upper 
process Zone. 
0038. The scavenger species furnished by the upper exter 
nal plasma Source that removes the polymeretch species from 
the upper process Zone (e.g., hydrogen) may also serve to 
remove photoresist from the wafer front side. In such a case, 
photoresist removal may be performed in a separate step in 
which no polymer etch species are introduced into the lower 
process Zone and the wafer-to-ceiling gap (height of the upper 
process Zone) is increased. In addition, an agent gas (e.g., 
nitrogen) that promotes the etching of photoresist from the 
wafer frontside may be furnished in a small quantity to the 
upper external plasma Source. In an alternative mode, none of 
the front side thin film layers is susceptible to damage by the 
polymer etch species, and the steps of backside polymer etch 
removal and front side photoresist removal are performed 
simultaneously using the upper and lower external plasma 
Sources. In this case, the height of the upper process Zone is 
increased by lowering the wafer support pedestal. 
0039. In one embodiment, an increase in polymer etch rate 
relative to etch rate of the critical (ultra low-K) film by the 
polymer etch species is achieved by locating the lower exter 
nal plasma Source very close to the wafer edge and directing 
a concentrated Stream or jet of plasma products from the 
lower external plasma source directly at the wafer backside 
edge while rotating the wafer. By reducing the lower external 
plasma Source pressure, the concentrated Stream may consist 
of polymer etchant ions, radicals and neutrals, while at a 
higher pressure the stream consists of etchant radicals and 
neutrals. 

0040. Referring now to FIG. 1A, a plasma reactor for 
removing polymer residue from the backside of a semicon 
ductor wafer includes a reactor chamber 100 having a side 
wall 102, a ceiling 104 that is a gas distribution plate and a 
floor 106. The ceiling or gas distribution plate 104 has an 
interior gas manifold 108 and plural gas injection orifices 110 
opening from the manifold 108 into the interior of the cham 
ber 100. A wafer support pedestal 112 in the form of a disk 
shaped table has a diameter less than the diameter of a work 
piece to be Supported on the pedestal 112, so as to expose the 
backside peripheral annulus of the workpiece. The pedestal 
112 is supported on a lift member 114 elevated and lowered 
by a lift actuator 116. A workpiece such as semiconductor 
wafer 118 can be supported with a center portion of its back 
side resting on the pedestal 112. The front side of the wafer 
118 (the side on which the microelectronic thin film struc 
tures are formed) faces the ceiling gas distribution plate 104. 
The pedestal 112 is sufficiently small to leave an annular 
periphery of the wafer backside exposed, for backside poly 
mer removal. Often, the wafer 118 has a rounded or beveled 
edge as depicted in FIG. 1A. Such a beveled feature may 
make it difficult to avoid polymer deposition on the wafer 
backside during plasma (e.g., etch) processing of thin films on 
the wafer front side. In one embodiment, radial arms 113 are 
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provided to position the workpiece 118 on the pedestal 112. In 
one embodiment, three symmetrically spaced thin radial arms 
113 shown in FIG. 1B are provided and extended outwardly 
from the periphery of the pedestal 112. As shown in FIG. 1C, 
the radial arms 113 are below the workpiece support surface 
of the pedestal 112 so as to leave the entire peripheral annulus 
of the workpiece backside exposed for backside polymer 
removal. Each radial arm 113 supports a thin axial tab 113a at 
its distal end, the tabs 113a serving to locate the workpiece 
118 in coaxial alignment with the pedestal. 
0041. The chamber side wall 102 can include a removable 
liner or process kit 120. Hereafter, the term sidewall 102 is 
used to include a liner 120 if one is present. A gap 122 
between the wafer edge 118a and the side wall 102 is very 
Small, e.g., about 0.2-2 mm, so as to resist migration of gases 
through the gap 122. The gap is configured to be sufficiently 
narrow to present a gas flow resistance that is on the order of 
about one hundred times greater than gas flow resistance in 
other portions of the chamber. The gap 122 may be on the 
order of about 1% of the chamber diameter. In this way, the 
wafer 118 divides the chamber 100 into an upper process Zone 
130 bounded in part by the front side or top surface of the 
wafer 118 and a lower process Zone 132 bounded in part by 
the backside or bottom surface of the wafer 118. A bottom 
external plasma source 134 receives a polymer etch precursor 
gas from a gas Supply 136 and furnishes polymer etch radicals 
(e.g., oxygen radicals or atomic oxygen) into the lower pro 
cess Zone 132 through a port 138 in the chamber floor 106. 
0042 Some polymer etchant (e.g., oxygen) radicals can 
migrate from the lower process Zone 132 into the upper pro 
cess Zone 130 through the gap 122 and pose a risk of damage 
to critical layers on the wafer front side, such an ultra low-K 
thin film. In order to prevent this, a non-reactive purge gas, 
namely a gas that does not react with the thin film materials on 
the wafer front side, (e.g., nitrogen gas or argon gas) is Sup 
plied to the ceiling gas distribution plate 104 from a gas 
supply 140 in order to flush out the upper process Zone 130 
and keep it free of etchant species. In order to facilitate a 
thorough and fast purge of the upper process Zone 130, the 
upper process Zone 130 is restricted to a very small height 
corresponding to a small wafer-to-ceiling gap 144, e.g., about 
0.2-2 mm. The gap 144 may be sufficiently small to confine 
the cross-section of the upper Zone 130 to an aspect ratio 
greater than 100. The upper process Zone height (gap 144) is 
Sufficiently small so that residence time of gas in the upper 
process Zone 130 is less than about one tenth to one hundredth 
of the gas residence time in the lower process Zone 132. Also, 
the upper process Zone height (gap 144) is Sufficiently small 
so that gas flow resistance through the gap 144 is on the order 
of 100 times the gas flow resistance through the lower process 
Zone 132. Such confinement of the upper process Zone height 
may be accomplished by raising the wafer Support pedestal 
112 with the lift actuator 116. 

0043. In one embodiment, pressure in the chamber 100 is 
controlled by a vacuum pump 146 that maintains the lower 
process Zone 132 at a sufficiently low pressure to draw plasma 
by-products out of the lower external plasma source 134 and 
maintain the external plasma source 134 at a sufficiently low 
pressure to enable it to efficiently generate plasma. Alterna 
tively, the upper and lower process Zones 130, 132 may be 
evacuated separately through separate slit openings near the 
wafer edge by separate pumps 210, 216. In this case, the 
vacuum pump 14.6 may not be necessary. 
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0044. In one embodiment, the polymer removal process is 
quickened by heating the wafer 118 to on the order of 300 
degrees C., for example, either by an electrical heating ele 
ment 150 inside the pedestal 112 or by radiant lamps (not 
shown). An electrical heater power supply 152 is coupled to 
the heating element 150 through wires in the lift member 114. 
By raising the wafer temperature to about 300 degrees C., the 
backside polymer removal rate is significantly increased. 
0045. In one embodiment, etching of films (e.g., an ultra 
low-K film) on the wafer front side is minimized or elimi 
nated by maintaining a very high flow rate of a non-reactive 
purge gas (e.g., nitrogen or argon) through the ceiling gas 
distribution plate 104 into the upper process Zone 130. This 
improves the polymer etch selectivity, i.e., the ratio of the 
polymer etch rate to the ultra low-K film etch rate. The purge 
gas flow rate may be as high as necessary to achieve a desired 
etch selectivity, raising the pressure of the upper process Zone 
130 to a very high level. The pressure in the lower process 
Zone 132 is maintained at a sufficiently low level (e.g., a few 
Torr or less) to ensure efficient operation of the external 
plasma Source 134. In order for the external plasma Source 
134 to generate a plasma, the chamber interior pressure of the 
external plasma source 134 typically should not exceed a few 
Torr, and because the external plasma source 134 is coupled 
directly to the lower process Zone 132, the pressure in the 
lower process Zone 132 should be maintained at a correspond 
ingly low level. This requirement is met by the main chamber 
vacuum pump 146 (or by the vacuum pump 216) regardless of 
the high flow rate of purge gas into the upper process Zone 130 
through the gas distribution plate 104. This permits the purge 
gas flow rate and upper process Zone pressure to be as great as 
necessary to eliminate or minimize etching of any ultra low-K 
film on the wafer front side. 

0046. In one embodiment, to further increase the rate of 
polymer removal from the wafer backside, a dissociation 
agent gas (e.g., nitrogen) that promotes dissociation of the 
polymer etch precursor gas (e.g., oxygen) may be Supplied at 
a low flow rate to the external plasma source 134 from a gas 
supply 156. 
0047. In one embodiment, to further reduce the amount of 
polymer etch species (e.g., oxygen) in the upper process Zone 
130, a gas Supply 158 furnishes an etchant scavengergas (e.g., 
hydrogen or carbon monoxide) to the ceiling gas distribution 
plate 104. This may be instead of or in addition to the non 
reactive purge gas from the gas Supply 140. Some polymer 
etchant (e.g., oxygen) atoms or molecules that have migrated 
into the upper process Zone 130 are chemically consumed by 
combining with the Scavenger gas (e.g., H2 or CO). Option 
ally, this scavenger reaction may be accelerated by heating the 
Scavenger gases furnished to the gas distribution plate 104 
with an electrical heater 159. If the polymer etchant precursor 
gas is oxygen, then the scavenger gas may be carbon monox 
ide or hydrogen. Carbon monoxide is less reactive with a 
carbon-containing ultra low-K film than the oxygen gas that it 
Scavenges from the upper process Zone 130. Hydrogen gas 
may be a good choice for the scavenger gas because it may not 
deplete carbon from the carbon-containing ultra low-K film, 
and therefore fulfills a requirement of being less reactive with 
the ULK film than the polymer etch species (oxygen) that it 
Scavenges. The Scavenger gas is selected so that the product of 
the chemical reaction between the scavenger and the polymer 
etchant (e.g., oxygen) does not react at a high rate with the 
ultra low-K film. In the case of a hydrogen Scavenger and 
oxygen as the polymer etchant, the product is water and in the 
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case of a carbon monoxide scavenger, the product is carbon 
dioxide, satisfying the requirement of a Scavenging reaction 
product that is safe for the ultra low-K film. 
0048. In an optional mode, the reactor of FIG. 1A is used 
to remove photoresist from the wafer front side. In this mode, 
the wafer pedestal 112 may be lowered to the dashed-line 
position of FIG. 1A, to enlarge the upper process Zone 130 
with a wafer-to-ceiling gap of about 0.5 to 5 cm. If none of the 
thin film materials on the wafer front side include a ULK film 
or other material Susceptible to damage from oxygen, then the 
oxygen radicals from the lower process Zone 132 are permit 
ted to migrate into the upper process Zone 130 by halting the 
purge gas flow from the gas Supply 140 and/or the Scavenger 
gas flow from the gas Supply 158. Also, such migration may 
be enhanced if the sidewall-wafer gap 122 is greater at the 
lowered (dashed-line) wafer position. In this optional mode, 
the backside polymer and the frontside photoresist are 
removed simultaneously. 
0049 FIG. 2 depicts a modification of the reactor of FIG. 
1A. The reactor of FIG.2 may be particularly advantageous in 
providing even greater protection for ultra low-K films on the 
wafer front side during backside polymer removal. In the 
reactor of FIG. 2, a second external plasma source 200 is 
provided. The amount of polymer etchant species (e.g., oxy 
gen) in the upper process Zone 130 is reduced more efficiently 
because the second (upper) external plasma Source 200 pro 
vides plasma by-products (e.g., radicals) of a scavenger spe 
cies (e.g., hydrogen or nitrogen) to the ceiling gas distribution 
plate 104. The scavenger species radicals (hydrogen or nitro 
gen) chemically scavenge or combine with some polymer 
etchant species (e.g., oxygen) that may migrate into the upper 
process Zone 130. Such radicals tend to have a faster rate of 
reaction with the etchant species (than the molecular gas 
scavenger of the reactor of FIG. 1A) and therefore provide a 
higher rate of removal of etchant species (e.g., oxygen) from 
the upper process Zone 130. This provides superior protection 
from attack upon thin film structures (e.g., an ultra low-K 
film) on the wafer front side. A gas supply 202 furnishes a 
molecular gas form of a scavenger precursor (e.g., hydrogen 
or nitrogen gas) to the chamber of the top external plasma 
source 200. By-products of the plasma generated by the 
Source 200 (e.g., either hydrogen radicals or nitrogen radi 
cals) are scavengers of the polymer etch species (e.g., oxy 
gen), and are delivered to the gas distribution plate 104 to 
reduce or eliminate oxygen from the upper process Zone 130 
and thereby protect the thin film structures on the wafer front 
side. 

0050. As depicted in FIG. 2, the top external plasma 
Source 200 may consist of a dielectric (e.g., quartz) tube 
chamber 204 encircled by an RF coil antenna 206 that is 
driven by an RF plasma source power generator 208 through 
an impedance match element 209. The quartz material is 
compatible with the hydrogen or nitrogen chemistry of the 
top external plasma source 200. The top external plasma 
Source 200 produces radicals of the Scavenger species that are 
fed to the ceiling gas distribution plate 104 through a center 
port 212. In order to provide uniform distribution of the 
Scavenger species across the gas distribution plate, a baffle 
214 is provided in the center of the gas manifold 108 that 
blocks direct gas flow from the centerport 212 to gas injection 
orifices 110 near the center of the gas distribution plate 104. A 
toroidal plasma chamber may be used for either (or both) the 
top and bottom external plasma sources 200, 134. Such a 
toroidal chamber consists of reentrant conduit of a conductive 
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material. To accommodate the hydrogen chemistry used in 
the top external plasma Source 200. Such a toroidal plasma 
chamber may include an insulating liner protecting the con 
ductive chamber or conduit. 

0051. The chamber pressure within the top external 
plasma source 200 should be sufficiently low (e.g., not 
exceeding several Torr) to ensure efficient plasma generation 
within the external chamber 204. Since the top external 
plasma source 200 is coupled to the upper process Zone 130 
(through the gas distribution plate 104), the upper process 
Zone pressure cannot be too high without extinguishing 
plasma in the external source 200. Meeting this limitation 
may prevent a sufficiently high flow rate of scavenger species 
into the upper process Zone 130 necessary to protect the wafer 
front side. In one embodiment, an upper Zone vacuum pump 
210 is coupled directly to the upper process Zone 130 through 
an upper Zone vacuum slit passage 217 that is near (but 
slightly above, by a few mm or less) the wafer edge and passes 
through the side wall 102 (and liner 120 if present). The upper 
Zone vacuum pump 210 facilitates or ensures a sufficient flow 
rate through the very thin wafer-sidewall gap 122. With this 
feature, the main vacuum pump 14.6 may be eliminated in the 
reactor of FIG. 2, as will be discussed below. In one embodi 
ment, the pumping rate of the upper Zone pump 210 is main 
tained at a sufficient level to keep the pressure in the upper 
process Zone 130 below a few Torr, for example. This permits 
a high flow rate of radicals from the top external plasma 
Source 200 and ensures quick removal of Scavenger-etchant 
reaction by-products from the upper process Zone 130. The 
present embodiment provides a low chamber pressure inside 
the top external plasma source 200 to facilitate efficient 
plasma generation within the top external plasma source 200. 
The present embodiment also reduces the migration of scav 
enger or purge species into the lower process Zone 132 that 
would otherwise dilute the polymer etch species (e.g., oxy 
gen) at the wafer backside. 
0052. In one embodiment, to reduce migration of polymer 
etchant species (e.g., oxygen) from the lower process Zone 
132 through the wafer-sidewall gap 122 into the upper pro 
cess Zone 130, a lower Zone vacuum pump 216 is coupled to 
the lower process Zone 132 through a lower Zone slit passage 
218 that is near (but slightly below, by a few mm or less) the 
wafer edge. The upper and lower slit passages 217, 218, are 
within a few (or several) mm of each other along the rotational 
axis of symmetry of the chamber. In the illustrated reactor of 
FIG. 2, both slit passages 217, 218 are at heights above and 
below (respectively) the wafer by about 1 mm, although this 
distance may be in a range of about 0.5 to 2 mm, for example. 
The slit passage 217, 218 may be axially displaced from one 
another by about 1-2 mm. Generally the distance is less than 
the wafer-to-ceiling gap (the height of the upper process Zone 
130). The upper and lower Zone vacuum pumps 210, 216 
operate simultaneously to remove through separate slit pas 
sages 217, 218 etchant-scavenger reaction by-products (from 
the upper Zone 130 through the slit passage 217) and etchant 
species and etchant-polymer reaction by-products (from the 
lower Zone 132 through the slit passage 218). 
0053. The slit openings 217, 218 have a narrow (e.g., 0.2-2 
mm) axial height and extend around at least nearly the entire 
circumference of the side wall 102. The slit openings 217, 218 
are each completely enclosed except for their connections to 
the respective pumps 210, 216. 
0054. In one embodiment, with the upper and lower 
vacuum pumps 210, 216 providing optimum performance, 
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the main vacuum pump 146 is eliminated in the reactor of 
FIG. 2. Providing the upper and lower vacuum pumps 210, 
216, increases the flux of etchant species to the wafer back 
side. 

0055. The upper and lower vacuum pumps 210, 216 and 
their slit passages 217,218 may also be included in the reactor 
of FIG. 1A, although they may not be required in the reactor 
of FIG. 1A because of the lack of an upper external plasma 
source 200 in FIG. 1A. Because the upper external plasma 
source 200 is not present in the reactor of FIG. 1A, the purge 
gases may be pumped through the gas distribution plate 104 at 
very high pressure to protect the wafer front side. Therefore, 
the local pumps 210, 216 and their slit passages 217, 218 are 
not necessarily required in the reactor of FIG. 1A. 
0056 Various kinds of plasma sources may be used for the 
upper and lower external plasma sources 134, 200, such as 
microwave, conventional ICP or toroidal. The process chem 
istries that are to be used in the upper and lower sources 134, 
200 limit the choice of materials. Toroidal reactors typically 
have metallic chambers or conduits, such as anodized alumi 
num, which is incompatible with the hydrogen chemistry of 
the upper plasma source 200. However, toroidal plasma 
Sources are also available with quartz liners or quartz toroidal 
shaped (round or square) vacuum vessels. If non-metal, non 
coated metal, and non-quartz material is required for compa 
rability with the plasma chemistry, then the choice of external 
plasma Source may be more limited to conventional induc 
tively coupled plasma Sources, such as a quartz, alumina, 
sapphire or Yittria tube wrapped with an RF-driven coil, for 
example. Sources may also be electrostatically shielded to 
reduce plasma ion bombardment and Subsequent erosion or 
particle/contamination issues. In one example, the lower 
external plasma source 134 may be a toroidal plasma Source, 
consisting of a toroidal chamber 220 fed by the process gas 
supply 136, a coiled RF power applicator 222 coupled to the 
toroidal chamber 220 and a passage 224 from the toroidal 
chamber 220 to the port 138. The coil 222 may be driven by 
an RF generator through an impedance match, or may simply 
driven by a switched power supply (We need to discuss). The 
toroidal chamber 220 is typically formed of metal with a 
dielectric external film, Such as anodized aluminum, which is 
compatible with the oxygen and nitrogen gases employed in 
the lower external plasma source 134. Because the upper 
external plasma Source 200 is Supplied with hydrogen gas, 
anodized aluminum is not a practical material for the upper 
source 200, and therefore its chamber 204, in one example, is 
formed of another material (such as quartz) that is compatible 
with hydrogen. 
0057. In an optional mode, the reactor of FIG. 2 is used to 
remove photoresist from the wafer front side. In this applica 
tion, oxygen (polymer etchant) flow from the gas Supply 136 
is halted (or the plasma in the lower source 134 is extin 
guished). Preferably, this step is carried out with the height of 
the upper process Zone 130 being in the narrow regime (0.2-2 
mm) discussed above, to enhance the photoresist removal 
rate. Alternatively, uniformity of the photoresist removal may 
be enhanced by increasing the upper process Zone height, in 
which case the wafer pedestal 112 is lowered to the dashed 
line position of FIG. 2, to enlarge the upper process Zone 130 
with a wafer-to-ceiling gap of about 2.5 to 5 cm. Hydrogen 
radicals or related plasma by-products from the upper exter 
nal plasma source 200 fill the upper process Zone 130 and 
remove photoresist from the wafer front side in a reactive etch 
process. This reaction is promoted by Supplementing the 
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hydrogen gas flow to the upper external plasma source 200 
with an oxygen-containing gas (H2O or N2O) at a lower flow 
rate from another gas supply 240. The flow rate of the oxygen 
containing gas into the upper plasma source 200 may be less 
than 5% of the hydrogen flow rate. This photoresist removal 
step may be performed before or after the backside polymer 
removal step. 
0058. In an alternative embodiment of the optional fron 
tside photoresist removal mode, a capacitively coupled 
plasma is generated from the hydrogen in the upper process 
Zone 130 by an RF power generator 250 coupled through an 
impedance match 252 across the ceiling gas distribution plate 
104 and the wafer support pedestal 112 (in its lowered 
dashed-line position of FIG. 2). In this embodiment, hydro 
gen ions are generated in the upper process Zone 130 to 
conduct reactive ion etching of the photoresist on the wafer 
front side. 

0059. The initial placement of the reactor of FIG. 2 in a 
plasma etch system may require replacing one of two single 
wafer load locks normally present in Such a system with the 
reactor of FIG. 2. An etch system typically includes four 
plasma etch reactors, two single wafer load locks and a fac 
tory interface. For greater versatility, the reactor of FIG. 2 
may be configured to perform the functions of the single 
wafer loadlock that it replaces in the plasma etch system. For 
this purpose, wafer ingress/egress slit valves 270, 272 are 
provided on opposite sides of the reactor through the side wall 
102 (and liner 120). The pair of slit valves 270, 272 enables 
the reactor of FIG. 2 to function as a single wafer load lock. 
0060 Referring to FIG. 3, in one embodiment, a localized 
stream or jet of plasma radicals, neutrals, and ions of an 
etchant species is used to provide an even higher rate of 
backside polymer removal. The stream or jet of plasma spe 
cies is directed onto a small target area or window of the wafer 
backside edge while rotating the wafer. For this purpose, a 
local external plasma source 300 may be located near the 
wafer edge, and a short conduit 302 directs plasma ions from 
the interior of the local external plasma source 300 as a 
localized stream of plasma ions, radicals and neutrals to the 
Small target region at the wafer backside edge. In one embodi 
ment, the conduit 302 is sufficiently short and its output end is 
sufficiently close to the wafer backside to enable to enable 
ions from the source 300 to reach the wafer backside. For 
example, the transit distance between the output end of the 
short conduit and the wafer support plane of the pedestal 112 
may be 5% or less of the pedestal or wafer diameter. A gas 
Supply 136 furnishes a polymer etch precursor gas to the local 
external plasma source 300. In one embodiment, to expose 
the entire backside periphery or edge of the wafer to the 
localized plasma stream, the wafer pedestal 112 is rotated by 
a rotation actuator 304 coupled to the support member or leg 
114 of the pedestal 112. By operating the local external 
plasma source 300 at a low chamber pressure, it becomes a 
rich source of plasma ions and electrons, and the concentrated 
stream from the conduit 302 consists of a large proportion of 
ions in anion/radical mixture. By placing the external plasma 
source 300 close the wafer 118 and keeping the conduit 302 
short, ion loss through recombination is minimized, and the 
particle stream emanating from the conduit 302 remains rich 
in ions. 

0061. In one embodiment, the backside polymer etch rate 
is increased by the ion jet stream in the reactor of FIG. 3; the 
ion energy at the wafer backside edge Surface may be 
increased by applying RF bias power between the local exter 
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nal plasma source 300 and the wafer support pedestal. For this 
purpose, an RF bias power generator 310 is coupled through 
an impedance match element 312 across the wafer Support 
pedestal and the local external plasma source 300. A gas 
supply 156 can furnish to the local external plasma source 300 
a dissociation agent gas (e.g., nitrogen) that promotes the 
dissociation of the etchant species (e.g., oxygen) in the 
plasma of the local external plasma source 300. 
0062. If a radical stream is desired rather than an ion 
stream, then the chamber pressure in the local external plasma 
Source may be increased. Raising the chamber pressure of the 
local external plasma source 300 reduces the proportion of 
ions and raises the proportion of radicals in the stream of 
particles ejected by the conduit 302. Furthermore, if a purely 
radical stream is required, then it is not necessary to locate the 
external plasma source 300 near the wafer. Instead, it may be 
located (for example) near the bottom of the main chamber 
100 (as indicated in dashed line in FIG.3) and the conduit 302 
may be relatively long (as shown in dashed line in FIG. 3). 
The concentratedjet stream from the plasma source 300 can 
be very hot (e.g., as much as 600 degrees C.), and this heat can 
expedite the reaction between the etch species and the back 
side polymer. Preferably, the entire wafer is initially heated to 
about 300 degrees C. before exposing the backside to the 
concentrated radical or ion stream from the local plasma 
Source 300 and conduit 302. 
0063 Referring to FIG. 4, special precautions may be 
taken to minimize metal contamination from the ion stream 
emanating from the plasma source 300/conduit 302. Specifi 
cally, metal Surfaces can be protected with a dielectric (e.g., 
quartz) liner 320 that covers the bottom surface of the ceiling 
gas distribution plate 104 and a dielectric liner 120 that covers 
the interior surface of the side wall 102. The enlarged view of 
FIG. 4 shows how each slit opening 217, 218 may open into 
a larger passage, but is completely enclosed within the cham 
ber wall except for the connection to the respective pump 210, 
216. 

0064 FIG. 5 depicts an exemplary method that can be 
carried out in the reactor of FIG. 1A. A first step (block 402) 
is to support the wafer (using the pedestal 112) So as to expose 
a peripheral portion of the wafer back side, while beginning to 
heat the wafer to on the order of 300 degrees C. A next step 
(block 404), which may begin before the final wafer tempera 
ture (e.g., 300 degrees C.) is reached, is to define an upper 
process Zone 130 above the wafer front side and a lower 
process Zone 132 below the wafer back side with minimal 
migration of gas between the two Zones by maintaining a 
wafer-to-sidewall gap at less than 2 mm. This gap should be 
Sufficiently Small to produce a gas flow resistance that 
exceeds that of other portions of the chamber by a factor on 
the order of 100. A further step (block 406) is to prevent 
accumulation of etch species at the wafer front side, or 
(equivalently) facilitate fast evacuation of the upper Zone 130, 
by maintaining a wafer-to-ceiling gap (the height of the upper 
process Zone 130) at a value at which a high gas flow resis 
tance is established, e.g., less than 2 mm. This gap should be 
sufficiently small to confine the upper process Zone 130 to a 
cross-sectional aspect ratio greater than on the order of 100. 
Another step (block 408) is to generate a plasma in an external 
plasma chamber 134 with a polymer etchant precursor gas 
(e.g., oxygen), and introduce by-products (e.g., radicals, free 
oxygen) from the plasma into the lower process Zone 132 so 
as to etch polymer from the wafer back side. A related step 
(block 410) is to enhance dissociation of the polymer etchant 
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precursor species (oxygen) by introducing a dissociation 
agent (nitrogen gas) into the external plasma chamber 134. In 
order to avoid or minimize etching thin films on the wafer 
front side, a further step (block 412) consists of reducing the 
amount of polymer etchant precursor species (oxygen) in the 
upper process Zone 130 by injecting a purge gas (e.g., N2 or 
Ar) into the upper process Zone 130. A related step (block 
414) consists of further reducing etchant species in the upper 
process Zone 130 by introducing into the upper process Zone 
a scavenger gas (e.g., H2 or CO) that scavenges the etch 
species (e.g., Oxygen). The scavenger gas may be used in 
addition to or instead of the non-reactive purge gas. 
0065 FIG. 6 depicts an exemplary method that can be 
carried out in the reactor of FIG. 2. A first step (block 416) is 
to Support the wafer on the pedestal 112 so as to expose a 
peripheral portion of the wafer back side while heating the 
wafer to on the order of 300 degrees C. A next step (block 418) 
is to define an upper process Zone 130 above the wafer front 
side and a lower process Zone 132 below the wafer back side 
with minimal migration of gas between the two Zones by 
maintaining a wafer-to-sidewall gap at less than 2 mm. A 
further step (block 420) is to prevent accumulation of etch 
species or plasma at the wafer front side by maintaining a 
wafer-to-ceiling gap (the height of the upper process Zone) at 
less than 2 mm. Another (block 422) step is to generate a first 
plasma in a lower external plasma chamber 134 with a poly 
meretchant precursor gas (e.g., oxygen), and introduce by 
products (e.g., radicals, free oxygen) from the plasma into the 
lower process Zone 132 so as to etch polymer from the wafer 
back side. A related step (block 424) is to enhance dissocia 
tion of the polymer etchant precursor species (oxygen) by 
introducing a dissociation agent (nitrogen gas) into the lower 
external plasma chamber, at a flow rate of 1-10% of the 
oxygen gas flow rate. Another step (block 426) is to generate 
a second plasma in an upper external plasma chamber 200 
with a scavenger species (H2 or N2) that scavenges the poly 
meretch species, and introduce by-products of the second 
plasma (H radicals or N radicals) into the upper process Zone 
130. In order to reduce or eliminate etching of thin films on 
the wafer front side, a further step (block 428) is to evacuate 
the upper process Zone 130 at a pumping port 217 near the 
wafer edge to remove polymer etchant species (oxygen) from 
the upper process Zone at a Sufficiently high rate to avoid 
damage of critical (carbon-containing or low-k) films on the 
wafer front side. A related step (block 430) is to evacuate the 
lower process Zone 132 at a pumping port 218 near the edge 
of the wafer at a sufficiently high rate to minimize migration 
of polymer etchant species (oxygen) from the lower process 
Zone 132 into the upper process Zone 130 and to maximize 
delivery of polymer etchant species to the backside edge of 
the wafer. For maximum delivery of polymer etch species to 
the wafer backside edge, only the front side and backside 
pumps 210, 216, are used, the main pump 146 being elimi 
nated or unused. 

0066 FIG. 7 depicts an exemplary method carried out in 
an optional mode of the reactor of FIG. 2, in which the reactor 
is employed to etch photoresist from the wafer front side. A 
first step (block 432) is to stop the flow of polymer etchant 
species (oxygen) from the lower external plasma source 134 
to the lower process Zone. Although it is preferable to con 
tinue to restrict the height of the upper process Zone 130, 
optionally this height may be increased in preparation for the 
frontside photoresist removal step, in which case the next 
(optional) step (block 434) is to increase the wafer-to-ceiling 
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gap to a distance (e.g., 0.5-5 cm) at which etchant species can 
accumulate in the upper process Zone 130. However, it is not 
necessarily required to increase the upper process Zone height 
in order to perform photoresist stripping on the wafer front 
side. The next step (block 436) is to introduce at a reduced 
flow rate an oxygen-containing species (H2O or N2O) along 
with the H2 gas into the upper external plasma source 200 (at 
a flow rate of less than 1-10% of the hydrogen gas flow rate) 
so as to enhance the etch rate of photoresist from wafer front 
side. The process of FIG.7 may be performed either before or 
after the process of FIG. 6. The removal rate of photoresist in 
this step is enhanced if the height of the upper process Zone 
130 is restricted to the narrow (0.2-2 mm) range. In the other 
hand, uniformity is enhanced by increasing this height, and 
the step of block 434 may only increase the upper process 
Zone height by a fractional amount. 
0067 FIG. 8 depicts an alternative method for the reactor 
of FIG. 2 to etch photoresist from the wafer front side, in 
which a capacitively coupled plasma is generated in the upper 
process Zone 130. A first step (block 438) is to stop the flow of 
polymer etchant species (oxygen) from the lower external 
plasma chamber 134 to the lower process Zone, and then 
(block 440) increase the wafer-to-ceiling gap to about 2 to 5 
cm. A next step (block 442) is to introduce a photoresist 
removal species gas (H2) into the upper process Zone 130. A 
further step (block 444) is to introduce at a reduced flow rate 
an oxygen-containing species (H2O or N2O) into the upper 
process region. This reduced flow rate may be about 1-10% of 
the hydrogen gas flow rate. A next step (block 446) is to apply 
RF power into the upper process Zone to produce a plasma 
that removes photoresist from the wafer front side. 
0068 FIG. 9 depicts an exemplary method that can be 
carried out in the reactor of FIG.3, in which backside polymer 
is removed by a concentrated or localized stream of plasma 
ions, radicals and neutrals from an external plasma source. A 
first step (block 448) is to support the wafer on the pedestal 
112 so as to expose a peripheral portion of the wafer back side 
while heating the wafer to on the order of 300 degrees C. A 
next step (block 450) is to define an upper process Zone 130 
above the wafer frontside and a lower process Zone 132 below 
the wafer back side with minimal migration of gas between 
the two Zones by maintaining a wafer-to-sidewall gap at less 
than 2 mm. A further step (block 452) is to prevent (or mini 
mize) flow or delivery rate of etch species or plasma at the 
wafer front side by maintaining a wafer-to-ceiling gap (the 
height of the upper process Zone) at less than 2 mm. A further 
step (block 454) is to generate a first plasma in a local external 
plasma chamber 300 with a polymer etchant precursor gas 
(e.g., oxygen), and direct a narrow stream of by-products 
from the first plasma through an injection orifice 302 near the 
wafer backside directly at the wafer back side, while rotating 
the wafer. A related step (block 456) is to enhance dissocia 
tion of the polymer etchant precursor species (oxygen) by 
introducing a dissociation agent (nitrogen gas) into the local 
external plasma chamber 300. Another related step (block 
457) is to enhance the backside polymer etch rate by applying 
RF bias power across the local external plasma chamber and 
the wafer. Another step (block 458) is to generate a second 
plasma in an upper external plasma source 200 with a scav 
enger species (H2 or N2) that Scavenges the polymer etch 
species, and introduce by-products of the second plasma (H 
radicals or N radicals) into the upper process Zone 130. 
Another step (block 460) is to evacuate the upper process 
Zone 130 at a pumping port 212 near the wafer edge to remove 
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polymer etchant species (oxygen) from the upper process 
Zone at a sufficiently high rate to avoid damage of critical 
(carbon-containing or low-k) films on the wafer front side. A 
related step (block 462) is to evacuate the lower process Zone 
132 at a pumping port 218 near the edge of the wafer at a 
Sufficiently high rate to minimize migration of polymer 
etchant species (oxygen) from the lower process Zone 132 the 
into the upper process Zone 130. 
0069 FIG. 10 depicts an exemplary process carried out in 
the reactor of FIG. 2 for simultaneously removing polymer 
from the wafer backside while removing photoresist from the 
wafer front side. The process of FIG. 10 may be carried out, 
for example, in cases in which there is no film on the wafer 
front side (such as a ULK film) that is particularly susceptible 
to damage from polymer etchant species, or in cases in which 
any critical or ULK films that are present can tolerate the 
limited flow of polymer etch species escaping from the lower 
process Zone 132 to the upper process Zone 130. A first step 
(block 464) is to Support the wafer so as to expose a peripheral 
portion of the wafer back side while heating the wafer to on 
the order of 300 degrees C. A next step (block 466) is to define 
an upper process Zone 130 above the wafer front side and a 
lower process Zone 132 below the wafer back side with mini 
mal migration of gas between the two Zones by maintaining a 
wafer-to-sidewall gap at less than 2 mm. A further step (block 
468) is to generate a first plasma in a lower external plasma 
chamber 134 with a polymer etchant precursor gas (e.g., 
oxygen), and introduce by-products (e.g., radicals, free oxy 
gen) from the plasma into the lower process Zone 132 so as to 
etch polymer from the wafer back side. A related step (block 
470) is to enhance dissociation of the polymer etchant pre 
cursor species (oxygen) by introducing a dissociation agent 
(nitrogen gas) into the lower external plasma chamber 134. A 
step (block 472) carried out simultaneously with the step of 
block 468 is to generate a second plasma in an upper external 
plasma chamber 200 with a scavenger precursor gas (H2) and 
a small proportion of an oxygen-containing species (H2O or 
N2O). By-products of the second plasma, e.g., Scavenger 
species (H radicals) and oxygen-containing radicals, are 
introduced into the upper process Zone 130. The scavenger 
species removes etch species (e.g., oxygen) from the upper 
process Zone 130, and—with the help of the oxygen-contain 
ing species—removes photoresist from the wafer front side. 
During this process, it is preferable to maintain the height of 
the upper process Zone 130 in the narrow range (0.2-2 mm) to 
enhance the rate of photoresist removal. The result of this step 
is to simultaneously remove backside polymer using the bot 
tom external plasma source 134 and remove front side pho 
toresist with the upper external plasma source 200. The flow 
rate of the oxygen-containing (H2O or N2O) into the upper 
external plasma source 200 species may be 1-10% of the 
hydrogen flow rate into the upper external plasma source 200, 
for example. 
0070 FIG. 11 depicts a variation of the reactor of FIG. 3, 
in which the plasma by-product stream or jet directed at the 
wafer backside edge is produced by components within the 
reactor itself rather than an external plasma source. For this 
purpose, an external plasma source such as the external 
plasma source 300 shown in FIG.3 is replaced in the embodi 
ment of FIG. 11 by an internal plasma source 500 consisting 
of a cylindrical sealed enclosure 502, which may beformed of 
an insulating material Such as quartz, and a coil 504 wrapped 
around a portion of the cylindrical enclosure 502. In the 
illustrated reactor, the coil 504 is outside of the chamber. The 
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enclosure 502 is closed at its bottom end 502a and forms a 
nozzle or conical shaped outlet 502b at its top end facing and 
close to the backside edge of the wafer 118. A gas supply 506 
storing a polymer etch gas species is coupled to the enclosure 
502 through the bottom end 502a. An RF generator 508 is 
coupled to the coil 504 (through an optional impedance 
match, not shown) and furnishes Sufficient power to produce 
an inductively coupled plasma inside the enclosure 502. The 
pressure inside the enclosure 502 is greater than that of the 
lower process Zone 132. This pressure difference may be 
controlled by the main vacuum pump 146 and an optional 
vacuum pump 509 coupled to the enclosure 502. Plasma 
by-products, for example radicals, neutrals and/or ions, 
escape through the nozzle outlet 502b and form a concen 
trated or localized stream 510 that impinges upon a target area 
of the wafer backside edge. In order to control the ion energy 
of the stream 510, an optional RF bias power generator 512 
may be connected between an interior electrode 514 inside 
the enclosure 502 and the wafer pedestal 112. While the upper 
external plasma source 200 of FIG.3 may be employed in the 
reactor of FIG. 11, this option is depicted in FIG. 11 only in 
dashed line. Instead, the solid line image of FIG. 11 shows 
that (optionally) the purge gas Supply 140 may furnish purge 
gases through the ceiling gas distribution plate 104 with no 
external plasma Source. The purge gas may be either non 
reactive or may be a reactive scavenger species, as discussed 
with reference to FIG. 1. 

0071. In one embodiment, to provide a desired (e.g., 300 
degree C.) wafer temperature, the pedestal 112 may be heated 
as in FIG. 3, or radiant lamps (not shown) above the ceiling 
may be employed. In one embodiment, a liner 520 of a pro 
cess-compatible material may cover the side and bottom edge 
surfaces of the pedestal 112, and a liner 522 of a process 
compatible material may cover the side wall 102. The liners 
520, 522 may be useful in minimizing metal contamination 
due to etching of chamber surfaces by the plasma stream 510. 
The process-compatible material may be, for example, 
quartz. In one implementation, the ceiling 104 may beformed 
of a process-compatible material Such as quartz. In this case, 
the ceiling may be a smooth simple structure without the gas 
distribution plate features depicted in FIG. 11. 
0072. In an alternative embodiment, the plasma source 
enclosure 502 of FIG. 11 may be in the shape of a torus, to 
form a toroidal plasma Source. 
0073. In another alternative embodiment, the inductive 
plasma source 500 (the tube enclosure 502) is replaced by a 
capacitively coupled source 530 as illustrated in FIG. 12. The 
capacitively coupled source 530 includes a conductive elec 
trode 532 having a small dischargeportion or area 532-1 close 
to and facing the backside edge of the wafer 118 and at least 
one axially extending leg 532-2. A polymer etch gas species 
is introduced into the lower process Zone 132 through an 
opening 533 in the chamber floor from a gas supply 506. An 
RF generator 534 is coupled between the bottom end of the 
axially extending leg 532-2 and the wafer pedestal 112. A 
second axially extending leg 532-3 parallel to the first leg 
532-2 may be provided. RF power from the generator 534 
produces a plasma discharge in the Small gap between the 
electrode discharge portion 532-1 and a corresponding area 
on the wafer backside edge. In one embodiment, the side of 
the electrode 532 facing the wafer 118 (or the entire electrode 
532) may be covered by a liner 535, which may be formed of 
a process-compatible material Such as quartz, which is useful 
in minimizing or preventing metal contamination. As in the 
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embodiment of FIG. 11, the wafer is rotated so that the entire 
backside edge circumference is exposed to the localized 
plasma. 
0074. If radiant heating is employed to heat the wafer 118, 
then the pedestal 112 may not be necessary, as will be dis 
cussed below. 

0075. In the reactor of FIG. 13, the need to rotate the wafer 
to expose its bottom circumference to a plasma stream is 
eliminated by instead generating a ring of plasma 538 beneath 
the backside edge extending around the entire circumference. 
This is accomplished by placing the wafer 118 very close the 
ceiling 104, as in the foregoing embodiments, and then apply 
ing RF power to a coil antenna 540 overlying the edge of the 
wafer 118. The coil antenna 540 may consist of solenoidal 
conductive windings, for example. While the wafer may be 
held in the elevated position depicted in FIG. 13 with the 
heated pedestal 112 of FIG. 11, FIG. 13 illustrates how the 
wafer may be elevated by lift pins 542 suspended on the lift 
spider 544 controlled by the lift actuator 116. In this case, the 
wafer is heated by radiant lamps 548 through the ceiling 104. 
Alternatively, the above-ceiling coil 540 may be replaced by 
a coil 540' around the sidewall 102. 

0076. In certain embodiments, photoresist is removed 
from the wafer front side in a separate process. In Such 
embodiments, the wafer is lowered to the dashed line position 
of FIG. 13, and gases are introduced through the ceiling gas 
distribution plate 104 capable of removing photoresist, as 
discussed previously in this specification. In other embodi 
ments, a second inner coil antenna 550 is provided controlling 
plasma ion density near the center of the wafer. The presence 
of the second inner coil antenna 550 also improves uniformity 
of the photoresist removal. The two coil antennas 540, 550 
may be driven at independently adjusted RF power levels, to 
permit tuning of the plasma ion density radial distribution. 
This may be accomplished by providing separate RF genera 
tors 552,554 coupled to the separate coil antennas 540, 550, 
or by providing a single RF generator 556 whose power is 
controllably apportioned between the two antennas 540, 550 
by a power splitter 558. The lamp heaters 548 are placed in 
open spaces over the ceiling between the inner and outer coil 
antennas 540, 550. 
0077. The heated pedestal 112 of FIG. 11 can be used to 
hold the wafer 118 in the elevated position of FIG. 13. In this 
case, for a low chamber pressure and in the absence of radiant 
lamp heaters, efficient heat transfer requires the use of an 
electrostatic chuck on the pedestal 112. An advantage of 
using the wafer Support pedestal is that it enables bias power 
to be applied to the wafer in a highly uniform manner while at 
the same time effecting uniform heating or temperature con 
trol of the wafer. A liner 520 can also be provided having 
process-compatible materials to avoid metal contamination 
and excessive consumption of pedestal materials during 
plasma processing. 
0078. An advantage of using the radiant lamps 548 to heat 
the wafer is faster heat transfer (compared to a heated pedes 
tal) in the case of a low chamber pressure where heat conduc 
tion or convection is poor. 
0079 FIG. 14 depicts another embodiment of the reactor 
of FIG. 13 in which the coil antenna 540 for generating a ring 
plasma is replaced by a ring electrode 560 surrounding the 
wafer edge, and an RF generator 562 coupled to the ring 
electrode 560. RF discharge from the ring electrode 560 pro 
duces the ring plasma 538 by capacitive coupling. FIG. 15 
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depicts a modification of the reactor of FIG. 14 in whicharing 
electrode 560' is outside of the chamber 100. 

0080 FIG. 16 depicts a modification that can be imple 
mented in any of the reactors described herein, in which the 
ceiling 104 has a shallow cylindrical hollow 570 correspond 
ing to the volume of the wafer 118. In certain embodiments, 
the wafer can belifted into the hollow 570 to effectively shield 
the wafer front side from polymer etch gases during the 
backside polymer removal process. 
I0081 FIG. 17 illustrates a process in which the reactor 
chamber is used to perform reactive ion etch of polymer from 
the wafer backside in a raised wafer position and then photo 
resist stripping on the wafer front side in a lowered wafer 
position. Temperature Switching is employed to enhance 
wafer front side protection. Specifically, backside polymer 
removal is performed at a low wafer temperature and then 
front side photoresist strip is performed at a high wafer tem 
perature (the order may be reversed). The backside polymer 
reactive ion etch step may be performed at a sufficiently low 
wafer temperature to retard the reaction of its by-products 
(radicals) with thin films (e.g., photoresist) on the wafer front 
side. If the front side photoresist strip process uses radicals 
from a remote source, it is facilitated by raising the wafer 
temperature to a threshold at which the reaction rate of the 
radicals with photoresist is significantly increased. If the front 
side photoresist strip process is a reactive ion etch process, 
then the wafer temperature does not necessarily have to be 
increased for this step. 
I0082 Referring now to an exemplary process shown in 
FIG. 17, a first step (block 600) is to support the wafer on the 
pedestal So as to expose a peripheral portion of the wafer back 
side. The wafer temperature is set under a threshold tempera 
ture (e.g., under 200 degrees C.) below which the reaction rate 
of polymer etch species radicals with wafer thin film materi 
als is significantly retarded (block 602). A next step (block 
604) is to define an upper process Zone above the wafer front 
side and a lower process Zone below the wafer back side with 
minimal migration of gas between the two Zones by main 
taining a wafer-to-sidewall gap at less than 2 mm. A further 
step (block 606) is to prevent accumulation of etch species or 
plasma at the wafer front side by maintaining a wafer-to 
ceiling gap (the height of the upper process Zone) at less than 
2 mm. Another step (block 608) is to purge the upper process 
Zone to remove any etch species radicals that may leak 
through the wafer-sidewall gap. In order to reduce or avoid 
etching of thin films on the wafer front side, a further step 
(block 610) is to evacuate the upper process Zone at a pump 
ing port near the wafer edge to remove polymer etchant spe 
cies (oxygen) from the upper process Zone at a Sufficiently 
high rate to avoid damage of critical (carbon-containing or 
low-k) films on the wafer frontside. A related step (block 612) 
is to evacuate the lower process Zone at a pumping port near 
the edge of the wafer. Reactive ion etching of the polymer on 
the wafer backside is performed with a plasma close to the 
wafer backside edge (block 614), until the backside polymer 
is completely removed. Application of plasma to the wafer 
backside is then stopped, and the wafer is lowered to increase 
the height of the upper process Zone, in order to permit accu 
mulation of plasma or radicals in the upper process Zone 
(block 616). Then, the wafer temperature is increased above a 
higher threshold temperature (e.g., above 300 degrees C.) in 
order to significantly increase the reaction rate of the radicals 
with photoresist on the wafer front side (block 618). Typi 
cally, the reaction rate increase corresponding to the tempera 
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ture increase from the lower threshold temperature to the 
higher threshold temperature is about a factor of 5. Radicals 
from a remote plasma source are employed to strip the front 
side photoresist (block 620). Alternatively, the step (block 
618) of raising the wafer temperature may be omitted, and a 
reactive ion etch process is used to strip the photoresist (block 
622). 
0083 FIG. 18 depicts a modification of the plasma reactor 
of FIG. 13 that is capable of performing the process of FIG. 
17. In this modification, a front side (e.g., photoresist Strip) 
process gas Supply 160 is provided in addition to the purge gas 
supply 140 through the ceiling 104. The outer coil 540' is 
moved to an axial location below the wafer plane. Optionally, 
the heater lamps 548 are moved from the ceiling to the floor at 
the bottom of the chamber. The heater lamps 548 of FIG. 18 
may be employed in carrying out the wafer temperature con 
trol step of block 602 of FIG. 17. A quartz window 549 is 
provided in the floor for the heat lamps 548. The small wafer 
ceiling gap of block 606 of FIG. 17 is realized at the raised 
(solid line) position of the wafer in the reactor of FIG. 18. The 
purge gas supply 140 of FIG. 18 provides the gas for the purge 
step of block 608 of FIG. 17. The pumping ports 217 and 218 
of FIG. 18 are used in the steps of blocks 610 and 612 of FIG. 
17. The reactive ion etch step of block 614 of FIG. 17 is 
carried out by the splitter 558 of FIG. 18 applying RF power 
only to the outer coil 540". This creates a ring of plasma 
beneath the backside wafer edge, as described previously 
with reference to FIG. 13, to remove the backside polymer. 
Upon completion of this step, the wafer 118 is lowered to the 
dashed line position of FIG. 18, and process gas (e.g., a 
photoresist strip process gas) is introduced through the ceil 
ing 104 from the gas Supply 160 and into now enlarged upper 
process Zone. The splitter 558 applies RF power to both the 
inner and outer coils 540, 550, with power being apportioned 
between the two coils to optimize plasma ion uniformity over 
the front side of the wafer. The RF power and gas flow is 
maintained until the completion of the reactive ion photore 
sist etch step of block 622 of FIG. 17. 
0084 FIG. 19 depicts a modification of the embodiment of 
FIG. 18, in which the ceiling 104 is modified to form an 
upward extending neck 650 having a cylindrical side wall 652 
and a neck cap 654, forming a neck volume 656. The outputs 
from the purge gas Supply 140 and the process gas Supply 160 
are received in the neck volume. The inner coil 550 is wound 
around the neck sidewall 652, so that the neck volume 656 
functions as the chamber of a remote plasma source. The 
splitter 558 of FIG. 19 applies power only to the outercoilS40 
during the backside etch process to form a ring of plasma 
beneath the wafer backside edge. The splitter 558 applies 
power only to the inner coil 550 during the front side etch 
process to provide a remote plasma Source. Because of the 
distance of the remote source chamber 656 from the wafer 
118 in its lowered (dashed line) position of FIG. 19, ions from 
the plasma in the neck recombine before reaching the wafer 
118, and therefore the front side etch is a radical-based pro 
cess, in accordance with the step of block 620 of FIG. 17. This 
makes it advantageous to use the heater lamps 548 of FIG. 19 
prior to this step to increase the wafer temperature above the 
radical reaction threshold temperature, in accordance with 
block 618 of FIG. 17. 

I0085. The reactor of FIG. 11 may be adapted to perform 
the process of FIG. 17 by adding a remote plasma source 200 
and its process gas Supply. The remote plasma source 200 
may be implemented with a coil wrapped around a neck or 
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tube (as shown in FIG. 19) or it may be any other type of 
plasma Source, such as a microwave plasma source, for 
example. The wafer pedestal 112 of FIG. 11 may control the 
wafer temperature in accordance with the process of FIG. 17. 
and the pedestal 112 may move between the raised and low 
ered (dashed-line) positions of FIG. 11, as an optional feature 
of the process of FIG. 17. The reactor of FIG. 12 is modified 
in the same manner to adapt it to perform the process of FIG. 
17, by adding the remote plasma source 200 at the ceiling of 
the reactor of FIG. 12, and moving the pedestal 112 between 
the solid and dashed-line positions of FIG. 12. The same 
modifications may carried out in each one of the reactors of 
FIGS. 13, 14 and 15. Each one of FIGS. 13, 14 and 15 shows 
that, while lift pins may be employed to control the wafer 
position, a movable heated pedestal 112 (partially shown in 
dashed line in both its elevated and retracted positions) may 
be employed instead, in which case the heater lamps 548 
would not be required. In each of the reactors of FIGS. 11-15, 
the optional use of a wafer pedestal 112 enables bias power to 
be applied to the wafer. Advantages of this feature include the 
enhancement of the backside polymer etch process, and the 
suppression of ions in the upper process Zone 130 if the 
wafer-ceiling gap is less than the plasma sheath thickness. 
I0086 Reactive ion etching for removal of backside poly 
mer from the wafer can be accomplished in the process of 
FIG.9 using the reactor of FIG. 3. In this aspect, the backside 
plasma source 300 of FIG.3 produces a sufficient flow of ions 
that reach the wafer backside. This condition is realized by 
holding the chamber pressure of the external plasma source 
300 to a low pressure. In this step, the wafer temperature is 
held under a low threshold temperature (e.g. below about 200 
degrees C. below which the reaction rate of polymer etch 
radicals with wafer front side thin film materials is very slow 
(e.g., about 5 times slower than at about 300 degrees C.). The 
reactive ion etch process used to remove the backside poly 
mer is not hampered at low wafer temperatures. Therefore, 
this low wafer temperature does not prevent the polymer etch 
ions from reacting with the backside polymer, but it does 
effectively slow down the reaction rate of polymer etch radi 
cals that may escape from the lower process Zone 132 into the 
upper process Zone 130 with the wafer front side materials. 
The Small wafer-to-ceiling gap employed during the backside 
polymer removal step essentially guarantees that most (orall) 
of the polymer etch species that can Survive in the upper 
process Zone 130 are radicals or neutrals, notions. 
I0087. During the front side photoresist strip step of FIG. 7, 
in which there are no polymer etch species threatening the 
wafer front side, the wafer temperature is raised above a high 
threshold temperature (e.g., above 300 degrees C.) at which 
radicals can react at a faster rate with front side thin film 
materials, such as photoresist (e.g., at a rate about 5 times 
faster than at the lower threshold temperature of 200 degrees 
C.). Typically, the wafer temperature is constantly ramping. If 
the wafer is being heated to ramp its temperature upwardly, 
then the backside polymer removal step is performed prior to 
the wafer temperature exceeding the lower threshold tem 
perature, and the front side photoresist strip step is not per 
formed until after the wafer temperature has reached or 
exceeded the higher threshold temperature. For example, the 
wafer temperature may begin slightly above room tempera 
ture, ramps upwardly during the entire process. In the period 
before the temperature exceeds about 150 degrees C. or 200 
degrees C., the backside polymer removal step is performed 
and halted upon completion. Then, after a pause to allow the 
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wafer temperature to reach or at least get near 300 degrees C. 
the front side photoresist step is performed. The processes of 
FIGS. 7 and 9 may be performed in any order, an advantage 
being that they are performed in the same reactor without 
having to remove the wafer. When lowering the wafer as 
required in the process of FIG. 7, the backside plasma source 
(300 of FIG. 3 for example) is moved so as not to obstruct 
wafer movement. 
0088. The reactor of FIG.3 may be modified by replacing 
the external plasma source 300 with an internal plasma 
source, such as the internal inductive source 500,502,508 of 
FIG.11 or the internal capacitive source 530,532,534 of FIG. 
12. In this case, 
0089. As previously described in detail in this specifica 

tion, wafer front side protection is provided by establishing 
the narrow wafer-ceiling gap and pumping a purge or scav 
enger gas through that narrow gap. Such protection is 
improved upon by the feature of holding the wafer tempera 
ture below the threshold temperature during backside poly 
mer removal. 
0090 Typically, polymer etch radicals (in the absence of 
ions) react very slowly with photoresist below the low thresh 
old temperature of about 200 degrees C., while a higher 
reaction rate is obtained above a high threshold temperature 
of about 300 degrees C. The polymer etch rate increases by 
about a factor of 5 as the wafer temperature increases from the 
low threshold temperature (e.g., 300 degrees C.) and the high 
threshold temperature (e.g., 200 degrees C.). Therefore, 
wafer front side protection is enhanced by holding the wafer 
temperature below the low threshold temperature of 200 
degrees C. (e.g., at 150 degrees C.) during the backside poly 
mer removal process. During the Subsequent front side pho 
toresiststripping, the wafer temperature is raised to about 300 
degrees C. 
0091 At a high chamber pressure on the order of a Torr, 
the heated electrostatic chuck or pedestal 112 of FIG.3 may 
be employed to control the wafer temperature. One advantage 
of this is that RF plasma bias power may be applied to the 
wafer to enhance processing. A possible disadvantage of 
using a heated pedestal 112 is that the pedestal 112 may 
require a protective liner of a compatible material. Such as 
quartz, alumina oryittria. At a lower chamber pressure, it may 
be necessary to use radiant lamps in order to attain a requisite 
heat transfer rate. One advantage of radiant lamps is that the 
wafer temperature may be switched between the two tem 
peratures more quickly, particularly if the wafer is lifted 
above contact with the pedestal 112 during processing. 
0092 FIG. 20 illustrates a modification of the reactor of 
FIG. 2 in which the plasma by-products (radicals) from the 
external plasma Source 134 are fed into an annular plenum 
630 inside the bottom of the pedestal 112 and upwardly 
through axial cylindrical bores 632 within the pedestal 112 
and is shot out through ejection orifices 634 aimed generally 
at the peripheral edge of the wafer 118. The annular plenum 
630 supplies gas or plasma by-products to the bottom of each 
bore 602 and the ejection orifices or nozzles 634 receive the 
plasma by-products from the tops of the bores 632. As shown 
in FIG. 21, the bores 632 and nozzles 634 are arrayed con 
centrically. In this way, the flow of plasma by-products from 
the external plasma source 134 is collimated within internal 
bores 632 of the pedestal 112 and then aimed as a circular 
array of directed spray patterns from the ejection orifices 634. 
The pedestal 112 has a wafer-support surface 636 having a 
diameter less than that of the wafer 118 so as to leave a 
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peripheral annular region of the wafer backside exposed. The 
pedestal 112 further has a peripheral annular surface 638 that 
is parallel to but below the wafer support surface, the height 
difference between the two surfaces 636,638 providing a gas 
flow space 640 between the peripheral annular surface 638 
and the wafer backside. 
(0093. As in the embodiments of FIGS. 1-3, a boundary 
between the upper and lower process Zones 130, 132 is estab 
lished by constricting gas flow at the peripheral edge of the 
wafer 118. In the reactor of FIG. 20, this is accomplished by 
providing a confinement ring 640 surrounding the pedestal 
112 and having an inner edge 640a adjacent the edge 118a of 
the wafer, the two edges 118a, 64.0a being separated by a 
small gap of about 0.5-5 mm. This gap is sufficiently small to 
limit gas flow between the upper and lower process Zones 
130, 132 and thereby protect the wafer front side during 
etching of polymer from the wafer backside edge. Evacuation 
of polymer etch species is performed by the main vacuum 
pump 146 through a horizontal radial space 642 between the 
annular peripheral surface 638 of the pedestal and a bottom 
surface 644 of the ring 640. This evacuation extends through 
a vertical axial space 646 between the side wall 648 of the 
pedestal 112 and a vertical surface 649 of the ring 640. 
0094. In the implementation depicted in the drawing of 
FIG. 20, the chamber 220 of the external plasma source 134 is 
a toroid and the RF source power applicator 222 consists of a 
magnetically permeable ring 222a wrapped around a section 
the chamber 220 and a coil 222b wrapped around the ring 
222a and driven through an impedance match 135 by an RF 
source power generator 137. The chamber 220 is coupled to 
the plenum 630 via a conduit 224. 
0.095 While the foregoing is directed to embodiments of 
the invention, other and further embodiments of the invention 
may be devised without departing from the basic scope 
thereof, and the scope thereof is determined by the claims that 
follow. 

1. A reactor for removing polymer from a backside of a 
workpiece, comprising: 

a vacuum chamber having a ceiling, a floor and a cylindri 
cal side wall; 

a workpiece Support apparatus within said chamber, said 
workpiece configured to Support a workpiece thereon, 
wherein while being Supported by said support appara 
tus, said workpiece has its front side facing said ceiling 
and has a workpiece diameter and wherein said Support 
apparatus leaving at least an annular periphery of the 
backside of said workpiece exposed; 

a confinement member defining a narrow gap with the 
outer edge of said workpiece, said narrow gap being on 
the order of about 1% of said workpiece diameter, said 
narrow gap corresponding to a boundary dividing said 
chamber between an upper process Zone and a lower 
process Zone; 

a vacuum pump coupled to said lower process Zone; 
a local plasma-generating chamber and a nozzle disposed 

on a side of said workpiece Support apparatus that is 
opposite a Support Surface of said workpiece Support 
apparatus where said workpiece is to reside, said nozzle 
coupled to receive plasma from said local plasma-gen 
erating chamber, said noZZle directed at a target area of 
said annular periphery so as to direct a plasma stream at 
said backside whenever said workpiece is Supported on 
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said Support apparatus, and a Supply of a polymer etch 
precursor gas coupled to said local plasma-generating 
chamber; and 

a rotation actuator for rotating said workpiece Support 
apparatus relative to said nozzle. 

2. The reactor of claim 1 wherein said confinement mem 
ber comprises one of: (a) said sidewall, and (b) an annular ring 
Surrounding said workpiece Support apparatus. 

3. The reactor of claim 1 further comprising: 
an upper plasma-generating chamber coupled to introduce 

plasma by-products into said upper process Zone and a 
Supply of a scavenger species precursor gas coupled to 
said upper plasma-generating chamber. 

4. The reactor of claim 1 further comprising an RF bias 
Source connected between said local plasma generating 
chamber and said workpiece Support apparatus. 

5. The reactor of claim 1 further comprising: 
a lift apparatus capable of lifting said workpiece Support 

apparatus to a raised level of said boundary at which said 
upper process Zone is confined to a shallow height on the 
order of 1% of the diameter of said chamber; 

an upper slit passage in said sidewall adjacent said bound 
ary corresponding to said raised level and open exclu 
sively into said upper process Zone; and 

an upper Zone vacuum pump coupled to said upper slit 
passage. 

6. The reactor of claim 5 further comprising: 
a lower slit passage in said sidewall adjacent said boundary 

corresponding to said raised level and open exclusively 
into said lower process Zone; and 

a lower Zone vacuum pump coupled to said lower slit 
passage. 

7. The reactor of claim 1 further comprising: 
a lift apparatus capable of lifting said Support apparatus to 

a raised level of said boundary at which said upper 
process Zone is confined to a height that is sufficiently 
Small to limit gas residency time in said upper process 
Zone to on the order of about 1% of gas residency time in 
said lower process Zone; 

an upper slit passage in said sidewall adjacent said bound 
ary corresponding to said raised level and opens exclu 
sively into said upper process Zone; and 

an upper Zone vacuum pump coupled to said upper slit 
passage. 

8. The reactor of claim 7 further comprising: 
a lower slit passage in said sidewall adjacent said boundary 

corresponding to said raised level and opens exclusively 
into said lower process Zone; and 

a lower Zone vacuum pump coupled to said lower slit 
passage. 

9. The reactor of claim 5 wherein said support apparatus 
comprises one of: (a) a heated pedestal, and (b) lift pins. 

10. The reactor of claim 5 wherein said narrow gap and said 
shallow height are each in a range of about 0.5 to 5 mm. 

11. The reactor of claim 2 wherein said scavenger precur 
sor gas is a precursor of a species that scavenges a polymer 
etchant species. 

12. The reactor of claim 1 wherein said local plasma 
generating chamber has a portion extending into said lower 
process Zone, and said reactor further comprising an RF 
Source power applicator external of said lower process Zone 
coupled to the local plasma-generating chamber. 

13. A reactor for removing polymer from a backside of a 
workpiece, comprising: 
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a vacuum chamber having a ceiling, a floor and a cylindri 
cal side wall; 

a workpiece Support apparatus within said chamber and 
having a workpiece Support Surface defining a boundary 
between an upper process Zone and a lower process Zone 
of said chamber; 

a lift apparatus capable of lifting said Support apparatus to 
a raised level of said boundary at which said upper 
process Zone is confined to a height on the order of about 
1% of the diameter of said chamber; 

an upper slit passage in said sidewall adjacent said bound 
ary corresponding to said raised level and open exclu 
sively into said upper process Zone; 

an upper Zone vacuum pump coupled to said upper slit 
passage. 

a local plasma-generating chamber and a nozzle disposed 
on a side opposite said wafer Support Surface from said 
ceiling and coupled to receive plasma from said local 
plasma-generating chamber, said noZZle directed at a 
target area of an annular periphery of a workpiece so as 
to direct a plasma stream at the workpiece backside 
whenever the workpiece is Supported on said workpiece 
Support apparatus, and a Supply of a polymer etch pre 
cursor gas coupled to said local plasma-generating 
chamber; and 

a rotation actuator for rotating said workpiece Support 
apparatus relative to said nozzle. 

14. The reactor of claim 13 further comprising: 
an upper plasma-generating chamber coupled to introduce 

plasma by-products into said upper process Zone and a 
Supply of a scavenger species precursor gas coupled to 
said upper plasma-generating chamber. 

15. The reactor of claim 13 further comprising an RF bias 
Source connected between said local plasma-generating 
chamber and said workpiece Support apparatus. 

16. The reactor of claim 13 wherein said scavenger precur 
sor gas is a precursor of a species that scavenges a polymer 
etchant species. 

17. The reactor of claim 13 wherein said local plasma 
generating chamber has a portion extending into said lower 
process Zone, and said reactor further comprising an RF 
Source power applicator external of said lower process Zone 
coupled to the local plasma-generating chamber. 

18. A reactor for removing polymer from a backside of a 
workpiece, comprising: 

a vacuum chamber having a ceiling, a floor and a cylindri 
cal side wall; 

a workpiece Support apparatus within said chamber and 
having a workpiece Support Surface defining a boundary 
between an upper process Zone and a lower process Zone 
of said chamber, a lift apparatus capable of lifting said 
Support 

apparatus to a raised level of said boundary at which said 
upper process Zone is confined to a height that is suffi 
ciently Small to limit gas residency time in said upper 
process Zone to on the order of about 1% of gas resi 
dency time in said lower process Zone; 

an upper slit passage in said sidewall adjacent said bound 
ary corresponding to said raised level and opens exclu 
sively into said upper process Zone; 

an upper Zone vacuum pump coupled to said upper slit 
passage. 

a local plasma-generating chamber and a nozzle disposed 
on a side opposite said workpiece Support Surface from 
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said ceiling and coupled to receive plasma from said 
local plasma-generating chamber, said nozzle directed 
at a target area of an annular periphery of a workpiece so 
as to direct a plasma stream at a backside of the work 
piece whenever said workpiece is supported on said 
support apparatus, and a supply of a polymer etch pre 
cursor gas coupled to said local plasma-generating 
chamber; and 

a rotation actuator for rotating said workpiece support 
apparatus relative to said nozzle. 
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19. The reactor of claim 18 further comprising: 
an upper plasma-generating chamber coupled to introduce 

plasma by-products into said upper process Zone and a 
supply of a scavenger species precursor gas coupled to 
said upper plasma-generating chamber. 

20. The reactor of claim 18 further comprising an RF bias 
source connected between said local plasma-generating 
chamber and said workpiece Support apparatus. 
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