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304035 Th&eky esent invention concerns to a novel electroplating solution for
copper el ectroplating. Hydroxyl am ne sulfate or hydroxyl am ne hydro-
chloride are used as additive agents and added into the el ectropl ati n@
solution used in copper electroplating process of sem conductor manu-
facturing. U Speicherdatum O .09.99 12:01 Druckdatum 01 09.99 12:08 (1)
Introduction ,VDL Low resistivity and expected good reliability of copper
make it an obvious choice used for |ong and narrow i nterconnections.
However, processin WS L i es i i i to be
overcone before thglghﬁéﬁtﬁtﬁhgnsgﬁ@mpﬂé@%%@&ﬁd%@gﬁggon a
commercially

The present invention concerns to a novel electroplating solution for

copper electroplating. Hydroxyl amine sulfate or hydroxyl amine hydro-
chloride are used as additive agents and added into the electroplating
solution used in copper electroplating process of semiconductor manu-
facturing.
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mat uri zed equi pment still needs to be developed in order to bring Cu
netallization into production. Via and trench will be filled with coppgr by
plating (also called electrochem cal deposition). However, a nmjor
drawback of el ectroless copper deposition process is |ow plating rate.

O her shortcom ngs, e.q. contam nation, healthy, conplex conpounds, hard
to control its conp05|t|on are also to be considered. Electroplating is an
attractiv aIt rna . for copper deposition, since it is not avat®abl e
for tungsiéh) Antgp HF ¥ Electroplating is a very inexpensive process
conpared to vacuuntfabrlcatlon and el ectrol ess deposition. A nunber of
research groups have devel oped el ectroplating to use in damascene
structures. A potential disadvantage of electroplating i's that it is a

two-step pro : -Of t ho cany LN ones .(directly
on top of ch‘eO%girfeIsESgRgﬁl @@Fgﬁf&eahgﬁ’% 9& %%PIP%fqm Héﬁosmlon
of a thin seed- layer prior to the platlng f||| step The seed-| aver

provides abhgus choice used for long and narrow interconnections. However,
processing difficulties associated with Cu still need to be overcome
before the introduction of Cu metallization. In addition, a commercially
maturized equipment still needs to be developed in order to bring Cu

metallization into production.

Via and trench will be filled with copper b}t plating (also called
electrochemical deposition). However, a major drawback of electroless
copper deposition process is low plating rate. Other shortcomings, e.q.
contamination, healthy, complex compounds, hard to control its
composition are also to be considered. Electroplating is an attractive
alternative for copper deposition, since it is not available for tungsten or
aluminum. Electroplating is a very inexpensive process compared to
vacuum fabrication and electroless deposition. A number of research
groups have developed electroplating to use in damascene structures. A
potential disadvantage of electroplating is that it is a two-step process.
PVD or CVD method can be competed in one step (directly on top of the
diffusion-barrier), while electroplating requires deposition of a thin seed-

layer prior to the plating fill step. The seed-layer provides a low-
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NDL resi stance conductor for the plating current that drives the process,
and also facilitates filmnucleation. If seed layer is not perfect (i.e.,
continuous), it can create a void during copper filling. Copper is the nobst
favorabl e material used for seed | ayer because of its high conductivity,
and because it is an ideal nucleation |ayer with high conductivity. Copper
seed |l ayer plays two critical roles during electroplating. On theaafer

scal e, seegsikgitRle E6RALERDICEYT BBt glfa'ii(h? EbfentdHSt G}ixﬁéﬁetﬁ@b%cés@ o
center, allowng plating current sourCe to contact the wafer onfy near the

edge. The thickness of seed |ayer nust_be sufficient |arge so that voltage
drops frorlsaf Gacilitijest filoennecleaten. nift seedddayerl sctnatpl parfed Uief,ormity.
On a localized region, seed layer carries current fromthe top surface to

the botto . Vi a r es. n.there is~hnsufficient seed-I|ayer

t hi cknesswg?&wgﬁg’t{{gcﬂh %r%égqgvp\g]ﬁmoﬁpﬁt%%%nter of via or trench
during deposition. In order to produce a wuniformand good adhesion fil m of
el ectropl ated copper, a seed | ayer

Copper is the most favorable material used for seed layer because of
its high conductivity, and because it is an ideal nucleation layer with high
conductivity. Copper seed layer plays two critical roles during
electroplating. On the wafer scale, seed layer carries current from the
edge of the wafer to the center, allowing plating current source to contact
the wafer only near the edge. The thickness of seed layer must be
sufficient large so that voltage drops from wafer edge to center does not
reduce electroplating uniformity. On a localized region, seed layer carries
current from the top surface to the bottom of vias and trenches. When
there is insufficient seed-layer thickness at the bottom, a void is formed at
the center of via or trench during deposition. In order to produce a
uniform and good adhesion film of electroplated copper, a seed layer

must be deposited perfectly over the barrier layer.

In principle, the thickness of the seed layer at the bottom (in a
high aspect ratio feature) can be increased by increasing the thickness of
copper that deposited on the field. However, an excess of seed material

deposited at the field level will pinch off the via or trench, creating a
2
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nmust be deposited perfectly over the barrier layer. In principle, the
t hi ckness of the seed | ayer at- the bottom (in a high aspect ratio feature)
- can be increased by increasing the thickness of copper that deposited on
the field. However, an excess of seed material deposited at the field
| evel will pinch off the via or trench, creating a 13 IVDL center void in
the film Al though PVD copper has poor step coverage in a

hi gh- aspect centeraiaif ivithe flif. AIGRABISP VTS 88@;%;3;@ BT SN BLVS%d to

Cu el ectroplating. PVD copper use r see :
narrowest feature of 0.3, u m At the dinmension below 0.3,u m PW copper

seed | ayer BRN-BSPEELFALQ of vies agditoenches, M%Ebn@ccb@sfuﬂ?d%@éﬁ tg§ CVD
e

seed | ayer will probably be used for next generations. Copp I's good

alternative - | Lmari | becau it has nearly 100% step
cover age. Aosﬂ’agfebr‘{t@?p@ﬁ@g: c@g 85@%’% uSFﬁefoé\ﬁﬁ bY Sueesssfigdgat the no
additional cost relative to the PVD

narrowest feature of 0.3 4 m. At the dimension below 03 ¢m, PVD

copper seed layer can be deposited using ionized PVD methods. In

addition, a CVD seed layer will probably be used for next generations.

Copper CVD is good alternative used for seed-layer primarily
because it has nearly 100% step coverage. A superior step-coverage of
the CVD copper process requires no additional cost relative to the PVD
process. CVD copper seed-layer process can be used to fill narrow via
completely in a single-damascene application, which is a significant

process in future technique.

Although electroplating is a two-step process, calculations indicate
that it offers a lower overall cost-of-ownership (COO) compared to CVD.
The COO calculation includes the cost of the deposition equipment,
fabrication space and consumables, but neglects device or process yield.
The major difference is mainly due to lower capital and chemical costs of
the electroplating process. Most importantly, a well-tuned electroplating

process can fill a high-aspect-ratio structures.
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rocess. CVD copper seed-layer process can be used to fill narrow via
Eonpletely I n apgingle-danascene application, which is a significant
- process in future technique. Al though electroplating is a two-step process,
cal culations indicate that it offers a |ower overall cost-of-ownership
(COO) conpared to CV/D. The COO cal cul ation includes the cost of the
deposition equi pnent, fabrication space and consumabl es, but neglech;
device or process yield. The major difference is mainly due to |ower
capital and chem cal costs of the electroplating process. Mst
inportantl%jnj kﬁituned el ectroplating process can fill a

ti

hi gh- aspect angad Gap FﬂﬁmgClalp)alEﬁtgainfEleG_ﬁmﬂaHﬂg;g Capabi lity in
El ectroplating The big challenge in Damascene plating is to fill vias \
trenches wi thout void or seamformations. Fig 1 presents possible
evolution of plated copper. In conformal plating, a deposit of equal
thickness at every point of a certain dinension |eads to the creation of a
seam or voids fOTKR big challenge in Damascene plating is to fill vias \ trenches
without void or seam formations. Fig 1 presents possible evolution of
plated copper. In conformal plating, a deposit of equal thickness at every
point of a certain dimension leads to the creation of a seam, or voids form
because of different deposition rate. Sub-conformal plating leads to the
formation of a void even in straight-walled features. Sub-conformal
plating is resulted from substantial depletion of the cupric ion in the
plating solution inside the feature, which produces significant
concentration overpotentials to cause the current to flow preferentially to
more accessible locations outside the feature. In order to get defect-free
filling, an increasing deposition rate along the sides and the bottom of the
feature is desired. As early as 1990 at IBM, they discovered certain
plating solutions that contain additives could lead to super-conformal

formation that eventually produces void-free and seamless structures [Fig

1]. They call this is super-filling”.

In generally, the electroplating rate. is a direct function of current
density. If one has a high density at the top of a structure (or at the top

sharp edges) and a lower density at the bottom, one gets a different
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because of different deposition rate. Sub-conformal plating |eads to the
formation of a void even in straight-walled features. Sub-confornal
- plating is resulted fromsubstantial depletion of the cupric ion in the
plating solution inside the feature, which produces significant
concentration overpotentials to cause the current to flow preferentially to
nore accessible locations outside the feature. In order to get defegh-free

{1111 ng, aplatmy eao. igdsptorn eeais SHkoRORiE: BlASSe A0 LT HOUEE0 O

the feature is desired. As early as 1990 at IBM tain
plating sol utions that contain additives could | ead to super-confornal
formati on ?&%‘?5 @mmqsycw@@mcgﬁom the betomsd Bwenineslsods ¢/ entiaasel Fi g 1
]. They call this is "super-filling". In generally, the electroplating

rate. is adghp f | -ge i tw. |If one has a high density
at the top 0 gﬁ?tnr ggﬁ&?gﬁ?g%ngféz{pﬁm cgi)ﬁéﬁbtyeﬂ’gggﬁc afnEgREIcegensi t y
at the bottom one ?ets a different .VDL plating rate. Voids form because
there is fagphygical and ahemical approdvhes.

Physical method is to apply a pulsed plating (PP) or periodic pulse
reverse (PPR) with both positive and negative pulses (etc., a waveform to
the cathode / anode system). Periodic pulsed plating (PPR) techniques
could reduce the formation of voids because the rate of metal deposition
inside a trench is nearly the same as the rate at the upper portion. It is
virtually like a deposition / etching sequence. It can produce a deposition
/ etching sequence that polish copper in the high-density regions more
quickly than in the low-density regions, and produce the required gap fill
capability. Pulsed plating (PR) can decrease the effective mass transfer
boundary layer thickness and thus produce higher instaneous plating
current density as well as better copper di_stn'bution. Decreasing thickness
of boundary layer could lead to significant concentration overpotentials
decreased. Therefore, the filling capability could be enhanced in a high

aspect ratio of via/ trench.

Chemical method is to add organic additives in the electroplating

solution. A widely used electroplating solution consists of many additive
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edges of trenches conpared to on the bottons. Two net hods to enhance
deposition uniformty and gap filling capability in electroplating process
. are physical and chem cal approaches. Physical nethod is to apply a pul sed
plating (PP) or periodic pulse reverse (PPR) with both positive and
negative pul ses (etc., a waveformto the cathode / anode system). Periodic
pul sed plating (PPR) techniques could reduce the formation of voi d8:

because th_ig_rﬁﬂﬂ%(%ﬂ- faroureacaeatythiourea, mapithaene sndfonis awed). | Howesegame as
the rate at the upper portion. It is virtually like a deposition / €tching

Copper 1 n (R ARR RECEHERSaRCRIN bmie orcip: (3., caRgRey femme )| Glormng ty

regi ons, and produce the required gap fill <capability. Pulsed plating (PR
can decr eaagehheoeld entonvetentss depa r F ohilaC d thus
g 0o PBSHIGH of (AR YobBYE! whilleCBAEATe MY

produce hi gher instaneous plating  current density copper
di stribution. crﬁasing t hi ckness of boundary_ |layer could lead to

si gni fi canfNBond@¥glBg i oAZeVer develnt icuts nomeudifost Thubstfates, dheingil | ing
capability could be enhanced in a high

electrodeposition. In order to make electrodepositioon on small
dimension very well (in very high aspect ratios for future ULSI
metallization), an understanding of additive agent is required to further
study. Establishing proper agents in a specific action and a proper
concentration ratio often determines the success of a gap filling plating

process.

In 1995, Intel corporation utilized a pulsed electroplating technology
in a damascene process to produce low resistance copper interconnects
with aspect ratios of 2.4:1.[Fig 3a & 3b.] A tantalum barrier layer (about
300-600A. thickness) and a copper seed layer were deposited using

- collimated PVD. Nominally the thickness of the copper seed layer was
1100A on the top of the substrate, 280A on the sidewall and 650A on the

bottom of the trench. After electroplating of about 1.5-2.5 #m of copper

at a rate of 500-2000 A/min, the samples were processed by chemical
mechanical polishing to remove the field metallization and leave copper

in the trenches and vias. The resistivity of electroplated copper was lower

3



“ aspect ratio of via/ trench. Chemical method is to add organic ?dd!tlves
in the electroplating solution. A widely used electroplating ﬁp ution

- consists of many additive 6 ,VDL groins (e.q. thiourea, acetythi (ﬁurea,ne
napht hal ene sul fonic acid). However, |Ilevelers are chemcals with am

[ |l am ne). Carryin agent could pronote the deposition
o bt b & L benzy 2 ) d gand | evel i ng agent | evel out ML

of ductile perg, hle brig.liultenr '
non- uni f or r%ﬁgﬂbgtgrgaf’t‘v)gg dGfng ey é@mqmapmsd tthan the nfidlisiercdpab was
el ectrodepositioon on small dinmension very well (in very high aspec

[ f f.ut L I tallization), an understanding of additive agent
'rait Isofeqlcj)ir rhé:%k/#'l eggbé%gqnqegﬁ%@i)ﬁﬁe ed isopgepnuyiformitenirs the raneResi f i ¢

action and a proper concentration ratio often determ nes the success of a

L . : ilized | sed
gap fillingfppattered cBPPELESverade Khdwed Qtsfém%%%?rc?éé&% zlljtttlhleltég ofath%u >
el ectropl ati ng technol ogy
trench, then large voids could be formed after plating. However, if a
uniform copper were sputtered in the trenches, then a good copper ﬁlliﬁg
would occur during plating. In addition, an inadequate waveform

control could result in severe void under the identical sputtering and

plating condition.

In 1998, CuTek Research Inc. developed a new deposition system,
which has a standard cluster tool configuration with a fully automatic
dry/clean wafer in and dry/clean wafer out operation. Cu electroplating is
perforrnéd on a Cu seed layer with a thickness of 30-150nm. A sputtered
Ta or TaN with 30nm thickness is used as a barrier and an adhesion layer,
respectively. An excellent gap filling with thicker deposited in the
trenches than on top of the field surface could be achieved using pulse
plating (PP) and periodic pulse reveres (PPR) with suitable additive

agents. Dual damascene structures with 0.4 ¢ m feature size in an aspect-
ratio of 5:1 and deep contact structures with 0 25 « m feature size in an

aspect-ratio of 8:1 could be completely filled without any void or seam

function. The impurity contained in electroplated Cu film is measured to

3



tn a damascene process to produce | ow resistance copper interconnects wth
aspect ratios of 2.4:1.[Fig 3a & 3b.] Atantalumbarrier |ayer (about

300- 600A t hi ckness) and a copper seed |ayer were deposited using

collimated PVD. Nominally the thickness of the copper seed |layer was 1100A
on the top of the substrate, 280A on the sidewall and 650A on the bottom
of the trench. After electroplating of about 1.5-2.5 ] mof coppep, at a

ol Fshi g 9 Ramou T Re e PR Fon tES Rl PR Pt L el and i e

trenches and vias. The resistivity of el ectropl at ed copper was |ower .4VL

t han 1. 8dhigheDconcentrationyofthese elements is measuredfat! thernsd gepepiialfes in Was
heavi | y dependent upon the sputtered copper uni formty in the trenches. |If

sputtered _copper covepagqe showed gnific ure ) top of the

trench, t%HBEEFaB Wdhjgﬁ@oﬁlaateéemnﬁj P:IF’Séfa EFn@ %Jﬁil/egh‘ﬁlmgqna

uni form copper were sputtered in the trenches, then a good copper filling
evolution and higher organic additive incorporated at the high current

density region.

In 1998, UMC (United Microelectronics Corporation) has
demonstrated the integration of copper process by using a simple and
cost-effective dual damascene architecture. The metal-filling process for
Cu interconnection includes (1) a deposition of 400A ionized-metal-
plasma (IMP) Ta or TaN which serves as barrier to prevent Cu diffusion
and as an adhesion promoter of Cu to oxide IMD layer, (2) a PVD Cu.
seed layver, and (3) a Cu electroplating. An excess of Cu over oxide is
removed by using chemical-mechanical polish (CMP) technique. The
optimized metal deposition process is able to fill a high aspect-ratio (~5)

of a 0.28 1 m feature hole without seams formation.[Fig. 4]



woul d occur during plating. In addition, an inadequate waveform control
could result in severe void under the identical sputtering and plating
-condition. In 1998, CuTek Research Inc. devel oped a new deposition system
whi ch has a standard cluster tool configuration with a fully automatic
dry/clean wafer in and dry/clean wafer out operation. Cu electroplating is
performed on a Cu seed layer with a thickness of 30-150nm A sputtq&ed Ta
or TaN with 30nmthickness is used as a barrier and an adhesi on Iaye?,
respectively. An excellent gap filling with thicker deposited in the
trenches than on top of the field surface could be achi eved using pul se
plating (PP) and periodic pulse reveres (PPR) with suitable additive

agents. Dual g{& silr;e structures with 0.4 p. in feature size in an aspect-
ratio of 5 { Sg peroment structures with 0.25 u mfeature size in an

aspect-ratio of 8:1 could be conpletely filled without any void or seam
function. The inpurity contained in electroplated Cu filmis neasured to

[A]) Basic

Two major components in the electroplating process are compositions
of the electroplating solution and the method in which the current applied.
In section (I), we have discussed how to select the method of current
applied and the composition of electroplating solution. In addition, it is
noticed that the electrolytic production of copper in copper deposition and
the control of the cathode growth are very important. The reason is
important because cathode growth is affected by many factors: (a) the
quality of anode, (b) the electrolyte composition and impurities, (c) the
current density. (d) The surface condition of the starter cathode, (e) the
geometric anode and cathode (f) the uniformity of spacing (agitation) and
the distance between electrodes and (g) the temperature or cwrrent

density.

Electroplating can be carried out at a constant current, a constant
voltage, or at variable waveforms of current or voltage. In our experiment,

a constant current with accurate control of the mass of deposited metal is
A0



NDL be bel ow 50ppm The major contam nants found were H S, C, and C A
hi gher concentration of these elenents is neasured at the edge of wafer in
- conmparison with the center. This is probably due to high hydrogen
evol ution and higher organic additive incorporated at the high current
density region. In 1998, UMC (United M croel ectronics Corporation) has

denonst r at ggoéthead N ofp;C er process by using a sinple an@t

cost-effective (;.eudas?ﬂyggénlg%ﬁ% z?rléﬁﬂge@lturae.coméaﬂfet\éoltagé | with p{;gﬁggﬁ for

Cu inter connecetfi on includes (1) a deposition of 400A ionized-netal - plasna

(1'lviP) TavavelaNnswhrerjuifsy VaforaS &Sihb! t Cu,diffusion__and as

an adhesi on promoter of Cu to oxide Iwglﬁvtgra}l?é@)\ég B9 cgontteded Thever |
An_ excess of Cu over oxide is renoved by

and (3) a | ectroplatj ng. cof
usi ng chem &Féy'ﬁ%fﬂtg ecg‘@pﬂ@mg eiwion énhexperémeniteprovl Tk 28 siRa!
deposition process is able to fill a high aspect-ratio (-5) of a 0.28 m

feature hola \R.prurhé%,fWeméﬁhoﬂegie@%eﬂnﬂuence of temperature on

deposition rate and film quality.

[B] Prepare Substrate and Experimental Process

P-type (001) oriented single crystal silicon wafers of 15-25 Q-cm
in 6-inch diameter were used as deposition substrates in this work. The
blank wafers were first cleaned by a conventional wet clemg process.
After wet cleaning, wafers were treated with a dilute 1:50 HF solution
before loading into a deposition chamber: A 50-nm-thickness of TiN and
a 50-nm-thickness of Cu were deposited using conventional PVD to act
as a diffusion barrier and a seed layer, respectively. Patterned wafers were
fabricated to examine the ability of Cu electroplating in small trenches
and vias. After standard RCA cleaning, wafers were treated with thermal
oxidation. Then, a photolithography technique with reactive ion etching
(RIE) was used to define a definite dimension of trenches/vias. A 40-nm-
thickness of TaN used as barrier and a 150-nm-thickness of Cu used as

seed layer were deposited by ionized metal plasma (IMP) PVD,
AA



19 .VDL $ (M) Experinment [A] Basic Two najor conponents in the
el ectropl ating process are conpositions of the electroplating solution and
- the method in which the current applied. 1In section (I), we have di scussed
how to sel ect the nethod of current applied and the conposition of
el ectroplating solution. In addition, it is noticed that the electrolytic
production of copper in copper deposition and the control of the cahode

growt h ar e fegpoctivelyr tHre diffensi@asdntrefich/ t hode gy owt h
is affected by many factors: (a) the rqgglll/}v??qgfaga%% eé,;(??%)?wﬁﬁg @1"e'gt ol yte
conposition, and jnpyrities,.(c) the current density. (d) The surface
condi ti on of heAelpeEpblting selutian, Which guasrersedciom Qe chotrsptaiiage ()

the uniformty of spacing (agitation) and the distance between el ecTrodes
and (g) the tenperature or current
was usually composed of CuSO,’5H,0, H,SO,, CI, additives, and wetting

agent. The compositions of the electroplating solution were described in
Table 2. Additives were frequently added in Cu electroplating because
they worked as brightening, hardening, grain refining, and leveling agents.
The current density applied was 0.1-4 A/dm?. Besides, Cu(P) (Cu: 99.95
%, P: 0.05 %) material was used as an anode to supply sufficient Cu ions

and made good quality of Cu electroplated films.

[C] Equipment of electroplating

The simple electroplating system was described as Jollowed: [Fig 5]

(a) Wafer : P-type (001) oriented single crystal silicon wafers of 15-25
Q-cm in 6”-inch diameter
(b) Power Supplier : GW1860 (E (&)
(c) PP Tank: 20cmx19¢m x20.5¢cm
(d) Rolled Copper (Cu: 99.95%, P:0.05%) : 30 piece
Produced by Meltex Learonal Japan company
(e) Titanium anode basket : 20 cmx19 cmx2 cm

A%,



density. Electroplating can be carried out at a constant current, a
constant voltage, or at variable waveforns of current or voltage. In our
- experinent, a constant current with accurate control of the nmass of
deposited netal is A0 nost easily obtained. Plating at a constant voltage
with variabXDL |e waveforns requires nore conpl ex equi pnent and control
The tenperature of electroplating solution in experinent process g
constant (at R T). Therefore, we can neglect the influence of tenperature
on deposition rate and filmquality. [B] Prepare Substrate and

Experi mental Process P-type (001) oriented single crystal silicon wafers of
15-25 Q-cm in 6-inch diameter were used as deposition substrates in this
wor k. The blank wafers were first cleaned by a conventional wet cleaning

process. t\b}r &ﬁﬁly%'i?%io'i‘@ wafers were treated with a dilute 1:50 HF
sol ution

(a ) Field Emission Scanning Electron Microscopy (FESEM):

HITACHI S-4000

The morphology and step coverage were examined by using field

emission scanning electron microscope (FESEM).

(b ) Sheet Resistance Measurement

The resistivity of electroplated Cu film was measured by a four-
point probe. The sheet resistance of the Cu films were determined using a
standard equal-spaced four point probe. The spacing between equal-
spaced four point probes was 1.016mm. Current was passed through the
outer two probes and the potential across the inner two probes was

measured. The applied current was from 0.1 to 0.5mA.

( ¢ ) X-Ray Power Diffractometer (XRPD): MAC Sience, MXP18

X-ray diffractometer (XRD) was utilized to investigate crystal
43



before | oading into a deposition chanber. A 50-nomthickness of TiN and a
50-nmt hi ckness of Cu were deposited using conventional PVD to act as a
- diffusion barrier and a seed | ayer, respectively. Patterned wafers were
fabricated to examne the ability of Cu electroplating in small trenches
and vias. After standard RCA cl eaning, wafers were treated with thernmal
oxi dation. Then,..a pr}o{:{ol it hogrzaphy techni que with reactive ion etchbng
(RE) was QE&RAOR&L Ga glegtrophated Gimen3-cay (ahaﬂyg'sqh%/p@gémeﬁ 40, nm
t hi ckness of TaN used as barrier and a 150-nmt hi ckness of used a8 seed

elpect' very PaRgtG Rt AR M, BmDl e svubt GredRbat visdiatios 08 @ m

An el ectropl ating solution, which was used for Cu electroplating, was

usual |y cosposeziapfin = CI. dditiyes, apd wetting agent.
The conpositions 2f ?ﬁé%el? ec ‘?a&pfé;f‘?%%b"%&e&@%wm S(Fé%%ﬁiib@ﬂ ¢ounteabl e 2.
Addi tives getren,f requently added in Cu el ectropl ati ng because

elecnon.

(d) Auger Electron Spectrocope (AES) : FISONS Microlab 3]0F

Auger electron spectrocope (AES) was applied to determine the

stoichiometry and uniformity along the depth direction.

(‘e ) Secondary Ion Mass Spectrometry (SIMS) :  Cameca IMS-4f

SIMS (Secondary Ion Mass Spectrometry) was utilized to do the

contamination analysis.
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they worked as brightening, hardening, grain refining, and | eveling agents.
The current density applied was 0.1-4 A/dn2. Besides, Cu(P) (Cu: 99.95 %
- P: 0.05 %9 material was used as an anode to supply sufficient Cu ions and
made good quality of Cu electroplated films. [C] Equi prent of
el ectroplating The sinple electroplating systemwas described as followed:
[Fig 5] (a) Wafer : P-type (001) oriented single crystal silicon waers of
15-25 Q-cm in 6"-inch diameter (b) Power Supplier : GM860 ((j%9 (c) PP
Tank: 20c cm_x20.5cm ($. Rol | ed Copper (Cu: 99.95% P:0.05% : 30 piece
Pr oduced | t(Resulémand istasstonsonpany  (e) Titani um anode basket : 20
cnx 19 cnk2 cmA 2, ,VDL [D Analysis Tool

[ A] The effect of applied current and concentration

In our study, we first change the concentration of sulfate acid and keep
concentration of copper sulfate at constant. Fig. 6 shows the concentration
change of sulfate acid vs. thickness variation. We can find no obvious
change in thickness when increasing the concentration of sulfate acid. Fig. 7
presents the relationship between film resistivity and concentration of H2SO4.
The resistivity i1s constant when concentration is increasing. In Fig 8(a) &

8 (b), SEM images show film morphology with and without H2SO4 presence.
We can find the uniformity and roughness of copper film is smoother when
the sulfate acid in present and makes the resistivity of copper film lower. In
our opinion, the purpose of sulfuric acid is to prevent anode polarization and
to improve conductivity of the electrolyte and cathode film, but does not

very strong affect on the deposited copper film.

In experiment, we keep concentrations of sulfate acid (=197g/l) and

sulfate copper (90g/1) constant. Since conductivity of solutions is higher, and
anode and cathode polarization are small, voltage required for Cu deposition

is small. Change in sulfate acid concentration has more influence than
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(a) Field Em ssion Scanning Electron Mcroscopy (FESEM: H TACH S-4000 The
nor phol ogy and step coverage were exanmi ned by using field em ssion
- scanning el ectron mcroscope (FESEM. (b) Sheet Resistance Measurement The
resistivity of electroplated Cu filmwas measured by a four- point probe.
The sheet resistance of the Cu filns were determned using a standard
equal - spaced four point probe. The spaci ng between equal - spaced foar point
probes was 1.016nm Current was passed through the outer two probes and
t he potential across the inner two probes was neasured. The applied

current NEeSHICAPRY Sulfate. cymenkrarign B \welutbh rewi duai wity QPR odMAC
Si ence, MXP18 X-ray diffractonmeter (XRD) was utilized to investigate

g;?’?g‘?‘r{a g aﬂ?}l %Qf%dgnrﬂ)&%kf&?l. YigH Siees Be et | leg\%éezl(_arp%%ie%ng%%hf e
change and Cu deposition rates. It is found that deposition rate increases
with increasing applied current. The déposition rate reaches a maximum
when applied current increase to 3.2 A/dm®. As shown in Fig 10, we can see
the resistivity changes with different applied current. When applied current
is at 3.2 A/dm?, the resistivity become very large. Figs.11(a) and 11(b)
present film morphology of Cu electroplated on seed layer / TIN / Si at
various current densities (1-4 A/dm?) without additive addition. Large

grain of Cu film is observed at high current density. The resistivity exhibits

unusually high (~10 4 m-cm) when high current is applied. A high

resistivity of Cu film observed could be attribute to rough surface formation,
which resulted in film non-conformity at high current condition. The rough
surface formed at high current could be rationalized by following
postulations. It was supposed that Cu electroplating rate depended on Cu
ions diffusion onto substrate surface. At high current applied, most of Cu
ions were effected at a high electric field; therefore, Cu ions diffusion from
solution to substrate surface was very fast. Since Cu ion diffusions was
very fast, the depletion of Cu ions in diffusion layer was very rapid; Cu ions

could bot be supplied instantly from electroplated solution into diffusion
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Shi madzu diffractoneter and enployed with Cu K a radiation (A =1.542A) in
conventional reflection geonetry and scintillation counter detection. (d )
- Auger El ectron Spectrocope (AES) : FISONS M crol ab 310F % Auger el ectron
spectrocope (AES) was applied to determ ne the stoichionetrv and
uniformty along the depth direction. (e ) Secondary lon .C ass
Spectronetry (SINS) : Caneca | NS-4f SINS (Secondary |on Mass Spect rié#etry)
was utilized to do the contam nationganalysis. Al~ NDL (VII) Results and
Di scussi Al f anplLi ? [ ent d.congeptration_In our
st udy, \/\gg?ﬂstﬂgﬁgr:lgeé]te %O@Laﬁ 7 wg'@lt%‘f%%ﬁ{htl%n %Eﬂéﬂal- kddys was
concentration of copper sulfate at constant. Fig. 6 shows the concentration

called diffusion controlled. Since no replenish of Cu ions diffused onto

]

substrate surface, no more of nucleation was formed on the surface. Cu
aggregation could occur on the surface due to high electric field effect. A
rough surface formed was ascribed to Cu agglomeration. Fig.12 present
relative intensity ratio of Cu(111)/Cu(002) by X-ray diffraction measurement
at various applied current density. According to XRD results, a s&ong (111)
orientation was always observed at higher current density applied. The
development of growth orientation of the copper film could be rationalized
by considering surface energy and strain energy at different crystal
orientation. In the initial stage, the orientation of Cu (002) plane was
formed because this plane possessed the lowest surface energy. As. applied
electrical current was increased, the strain energy becomes a dominant factor
in governing grain growth. The peak intensity of Cu (111) was increasing
at high electrical current applied because of high strain energy in Cu (111)
orientation. In addition, a Cu (111) orientation was preferred because this
orientation showed better electromigration resistance. Contradictory, Cu
(111) formed at high current density could make surface more roughness as
shown 1n Fig.16 (b). In order to improve fhe filling of Cu electroplating, it

was attempted to add some additives in electroplating solution. A high
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change of sulfate acid vs. thickness variation. We can find no obvious
change in thickness when increasing the concentration of sulfate acid. Fig.
-7 presents the relationship between filmresistivity and concentrati on of
H2SO4. The resistivity is constant when concentration is increasing. In
Fig 8(a) & 8 (b), SEMimages show fil m norphology with and w t hout H2SO4
presence. W can find the uniformty and roughness of copper fil 't
snoot her when the sulfate acid in present and nakes the resistivity of

copper film.lower. .| r opi,nion, the purpose of sulfuric acid is to
pr event ’éﬁ%ﬁé“&sl%ﬁicg‘ét ﬁgtﬁ ahdh1gho CuFsng v Was oAlsoc analyzed by HIMSeandol yt e

and cathode film but does not very strong affect on the deposited copper

Sul Tt o SomREFTERt) 8, ACRRY CRRRER, CHARR. Grr Tty P8 &b TR0 0 eh: gher

and anode and cat hode pol arization are snall, voltage required for Cu
deposi t i epncenirathen in tiohangk resistivityasfeCacfibin dohighér betauseos it§Q0@gh
i nfluence than AS NDL

surface with film non-conformity at high current condition.

[B] The Effect of Traditional Additive Agents

In order to understand the gap filling capability in electroplating
processing. Then, the dimension of trench/via was defined between 0.3-0.8

© m used to test gap filling capability. Fig. 14 shows the images of pattern

wafer before electroplating. The thickness of Cu seed layer on the bottom

and on the side-wall is less than on the top.

We used HCI as additive agent for electroplating. Addition of HCl
does not make any prominent difference in film resistivity and film
morphology in blanket wafer.[Fig.15] As shown from in pattern wafers [see
Fig. 16 (a) and (b)], we find the uniformity at the top of the trench is
smoother when the HCI was added in solution. Fig. 17 revealed that voids

are formed if no additive agent was added into the solution.

Various organic and inorganic additives are added in solution to help Cu
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changes in copper sulfate concentration in solution conductivity and anode
and cat hode pol arization. Fig. 9 shows the relati on between applied current
- change and Cu deposition rates. It is found that deposition rate increases
with increasing applied current. The deposition rate reaches a maxi num
when applied current increase to 3.2 A/dnR2. As shown in Fig 10, we cgp see
the resistivity changes with different applied current. \Wen applied
current is at 3.2 AldnR, the resistivity becone very large. Figs. 11(a)

7S ot GREIRing: ont ihRer (S0H famptaf AEHHGE, Mihic R, 238, 1.

Large grain of Cu filmis observed at high current density. The

resistivi electrdplating  solutioal | Wi phedentéd uin® @i W8N kheh resisti i
applied. A hi gd? regi stivity of Cugfi | m obser vg:ggcoul d be attrisblm t;é)f

rough surface faormfion,., which resujted in filmnon-conformty at high
current chﬁﬁqQIglﬁ.te&Tﬁi‘ ﬁé@éhao%ﬁjpﬂhé OWob%éJiJg%reﬁiCSthlGﬂr cerAgndrason
rationalized by followi ng postulations. It was supposed that Cu

el ect ggptﬁamqgitdgggliggggnm G054 9n° dATHiEh ARy W RIseRled WiddCe:
Thiourea is more than 0.054 g/l. Fig. 19 presents the SEM image of Cu
(111) at 0.03 g/l of Thiourea addition. The current is applied at 2.4 A/dm®.
As shown from SEM image, addition of additives could help (111)
formation at low current density, because the additive could be incorporated
into the deposit to provide a specific growth orientation. Fig. 20 presents
the SEM image of the electroplated Cu 'ﬁlm at 0.054 g/1 of Thiourea addition.
The current applied is still to keep at 2.4 A/dm?.  As shown in Fig 20, when
concentration of Thiourea is increasing, the dendrite produced during Cu
electroplating is increasing. This dendrite has similar geometric structure
with diffusion-limited clusters. Moreover, Thiourea could decompose to
form pernicious product (NH,SCN) which results in embattlement of
electroplated Cu films. Fig. 21 shows the resistivity of copper film change
with deposition time. It is appeared that resistivity is lower when the copper
ﬁlm become large block. Because that the grain boundary of copper film is

decreasing to make surface more smooth than initial thin film. The

resistivity of Cu film is higher when Thiourea is added. According to

18



ilons were effected at a high electric field; therefore, Cu ions diffusion
from solution to substrate surface was very fast. Since Cu ion diffusions
- was very fast, the depletion of Cu ions in-diffusion |ayer was very rapid;
Cu ions could bot be supplied instantly fromel ectroplated solution into
diffusion ,VDL laver. The Cu electroplating was ?invited by Cu ion
diffusion. This was called diffusion controlled. Since no replenishppf Cu
ions diffused onto substrate surface, no nore of Tucteattor—w
t he Surfa%EMS?J alggz[le:gatzizon coul d occur on the surface due to high
electric DI refu 1280 Y vas e &%ﬁ'
aggl oneration. Fig.12 p%\ese((r??mr(e)llat i vga?nt englil%\?%r ati y%%?f%}mboz)
by X-ray diffraction asurenent at various applied current density.
Accor di ng'd 6119@55?‘25%1 SINCECASIRG F@NCENWAtIonr oﬁ;?{pﬂnouwa.mhsisa;twgg&t@d)sbatv ed
at higher current density applied. The devel opnent of growth orientation

-of the compgsurida sdgsnkd &Pﬁ@étﬁ:ﬁ@é bEEgthoe &R gl%kie'}ﬂesrlégifs%%%yegf ct’ and

strain energy at different crys

Increasing. In addition, voids is formed when Thiourea is used as additive

agent.

PEG (polyethylene glycol) is widely used in Cu electroplating as a
carrier agent. In this study, we use different molecular weight of PEG
(200~10,000) and added in electrolyte with HCl and small amount of
Thiourea (0.0036g/1), since small amount Thiourea could help (111) plan
formation. We can found the larger molecular weight (m.w.>200) make the
higher resistivity of copper film. According to Fig. 23, the resistivity of

copper film is increasing with PEG molecular weight higher with deposition

time. It is suggested that the longer chain length with Thiourea is absorbed
on the surface of substrate. From SEM image shown in Fig.24(a)(b), film
morphology doesn’t change a lot when PEG molecular weight is increasing,
but the plane (111) is decreasing when PEG molecular weight is
increasing.[Fig. 25] According to SIMS analysis [shown in Fig.26(a)(b)], the
major components of Cu film are still Cu, O, C, S and Ti. The amount of

S element will be increasing with increasing molecular weight of PEG. This
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orientation. In the initial stage, the orientation of Cu (002) plane was
formed because this plane possessed the | owest surface energy. As applied
- electrical current was increased, the strain energy becones a dom nant
factor in governing grain growmh. The peak intensity of Cu (111) was
increasing at high electrical current applied because of high strain
energy in Cu (111) orientation. In addition, a Cu (111) ori entati % was
preferred because this orientation showed better el ectrom gration

resi stange. Contradictor Cu 111) fornmed .at,.high current density could
make sur‘?@&?@"ﬁﬁpg ‘F&SSH?\@@ %gré gahan WG @Eﬁc@gﬁ&memﬂyto i npr ove
the filling of Cu electroplating, it was attenpted to add sone additives
in electroplating solution. A high XDL resistivity of Cu filmat high
current was al so anal yzed by SIMS and conpared with that at |ow current
condition (see Fig. 13 a & b). The oxygen concentration in the high
resistivity Baselonf purresilts, ghlot of eafand dargergnoleculareeeight off i | m
non-conformty at high current condition.

PEG (m.w >200) could not be used as additives in Cu electroplating for

future Cu interconnect because of higher resistivity of copper film and poor

cap-filling ability. In order to make Cu electroplating implemented in

ULSI processing, a suitable additive must be developed. In this study, we try

new traditional additive agents of Molasses which shows the same effect on

resistivity of copper film.

Glucose 1s also a common traditional additive agent used in Cu
electroplating. In our experiment, we founci the resistivity and orientation of
electroplated copper film do not obvious change with different amount of
Glucose. However, filling capability in via and trench is poor. Although an
equal thickness at all points of a feature is formed, a void still appears in the

trench.

[C] The Effect of New Additive Agents

Sulfamates have been studied in interaction with a number of metals.
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[B] The Effect of Traditional Additive Agents In order to understand the
gap filling capability in electroplating processing. Then, the di nension
- of trench/via was defined between D.3-0.8 ,u rn. used to test gap filling
capability. Fig. 14 shows the inmages of pattern wafer before
el ectropl ating. The thickness of Cu seed | ayer on the bottom and on the
side-wall is less than on the top. W used HCl as additive agent for*CL
el ectroplating. Addition of HC does not make any prom nent difference in

filmresi sl i [ | nor.phol in blanket wafer.[Fig.15] As shown
fromin pglﬁlé r%M(\?\g{‘]gFtié [@e%enqi'f)&? fgg\ﬂ(%gmﬁifd‘ ¥apg ordTectnther depaspiionriyy t y
at the top of the trench is snoother when the HC was added in solution.

Fig. 17 readsatption hat bridgdfig or ' 0 TR ent was ed into
the sol ution. t%gr i ous or ganfc@gﬁ%&i n%[?g%%%égagggﬁ \pees%efgg g%d‘etgap'?ﬁﬂ!ﬂ%t i on

to help Cu NDL . : .
promoter in Cu electroplating because it could decrease current efficient in

Cu deposition. Since hydroxyl amine sulfate (NH,OH), *H,SO, has a similar
functional group with sulfamate, it is postulated that it could be act as a good
gap filling promoter. In order to examine if hydroxyl amine sulfate could
act as a gap filling promoter, Cu electroplating with addition of hydroxyl
amine sulfate is investigated in this experirhent. The experiment is executed

on the substrates with 0.3-0.8 1 m width of trench/via. Since the thickness

of base layer (seed layer and diffusion barrier) is 60nm on the bottom and on

the side wall and 120nm on the top, the width less than 0.25 ©m could be
electrodeposited in the 0.35 ym width of trench. Fig. 27 reveals void is

formed if no additive is added into the solution. The dimension of trench

in Fig. 31 is measured to be 0.4 ym. Since Cu reduction is preferred to

occur at the region of high current (at the top of trench), a void is easy to
form. No void formation is observed when the additive of (NH,0OH), *H,SO,
is added into the electroplating solution, as shown in Fig. 28. The

dimension of trench is measured to be 0.3 ym. A complete picture of

SEM image m low magnification of Cu electroplated on 0.3-0.8 ©#m of
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el ectroplating. Thiourea is a conmmon additive, which usually added in

el ectroplating solution. As presented in Fig. 18, the resistivity of

- electroplated Cu filns does not show big difference when the concentration
of Thiourea is smaller than 0.054 g/l. A high resistivity is observed when
Thiourea is nore than 0.054 g/1. Fig. 19 presents the SEMimge of Cu
(111) at 0.03 g/1 of Thiourea addition. The current is applied at 274

Al dnm2. As shown from SEM i nmage, addition of additives could help (111)

formati orh‘gt MW current densi U[f?' because the,additive could be o
i ncor por at e Vil 45t REES§ i £380P2Syi dACLOEHAE 0 CDERAQNS Tesuitst atiisn.
Fig. 20 presents the SEMinage of the electroplated Cu filmat 0.054 g/l

of ' Tni our gemafdirhicathar The cold 98! clapRbbeel ks Hre fentBEPobpftf LA™

As shown in Fig 20, when concentration hiourea 1S Tncr
dendrite produced during Cu electroplating is increasing. This dendrite
has si m | @f Vigsomeian sysrexyt aminevsulfatai isf usedbias| argamdilhh%igmmotégbrlgover,

Thi ourea coul d deconpose to form pernicious product (NH4S which results

in enbat té@ﬁ%hcﬁgen 6§i§ﬁ{/ft9%fe(§ﬁdﬁl%' dbks o shio® s?&iﬁg%cﬁgggé.e{%gg .i\éi ty

of copper

~

30] The concentration of O in the Cu film measured to be very low
[Fig.31]. Therefore, oxidation of Cu or seed layer could be neglected.
According to SIMS analysis, it is found that the concentration of impurity (S

element) is very low in copper film [Fig.32]. A further study of this new

additive 1s still investigated in progress.

Since hydroxyl amine sulfate (NH20H)2 » H2SO4) has both amino and
sulfate functional group, it is proposed to use as a gap filling promoter in

helping Cu electroplating. Another additive agent, hydroxyl amine

hydrochloride (NH20H) « HCl, could be considered to use for Cu

electroplating because it has a similar amine functional group with chloride.
In our experiment, we use different amount of hydroxyl amine hydrochloride

(NH20H) - HCl as a gap filling promoter. The ability of filling is not really

good. Some trenches can be completely filled by Cu but others can not.

However, the lower resistivity of copper film could be decreased to 1.9

() » cm when small of hydroxyl amine hydrochloride is used in the
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Wi th deposition tine. It is appeared that resistivity is |ower when the
copper filmbecone | arge bl ock. Because that the grain boundary of copper
- filmis decreasing to nake surface nore snmooth than initial thin film The
resistivity of Cu filmis higher when Thiourea is added. According to "i9
1VDL SIMS results [Fig. 22(a)(b)(c)], we can find the concentration of S
element is increased Ivith increasing concentration of Thiourea. |¥4s
suggested that Thiourea adsorbed on the surface of cathode could nmake the
resistivity of Cu increasing. In addition, voids is fornmed when Thiourea is
used as a@i§ctrojte cempared o the BB mowvythty hdditive 5ddky. [B ‘."’B@?' y- used in
Cu electroplating as a carrier aoent. In this study, we use different
nol ecul ar wei ght of PEG (200-10,000) and added in electrolyte with HCL and
smal | amount of

Another organic additives with unsaturated -bands, like
Tribenzylamine, benzotriazole and naphthalene sulfonic acid, could be
considered to be use as additives in Cu electroplating. Since they have

unsaturated z-bands, the 7 electrons could interact with surface atoms of

copper, to produce substantial effect on the properties of deposits. Brightness,
leveling, as well as stability effect is still needed to do further study. This
study, we try to use Tribenzylamine and benzotriazole as leveling agents.
However, these levels agents are quite difficult in soluble in sulfate acid

solution to make experiment unworkable.



Thi ourea (0.0036g/1), since small anmount Thiourea could help (111) plan
formation. We can found the | arger nol ecul ar weight (mw >200) make the
- higher resistivity of copper film According to Fig. 23, the resistivity of
copper filmis increasing with PEG nol ecul ar wei ght higher with deposition
t 1 F ime. It is suggested that the |longer chain length with Thiourea is
absorbed on the surface of substrate. From SEM i mage shown in NDL
Fig.24(a)(b), film norphol ogy doesn't change a | ot when PEG nol ecul ar
wei ght is (Vﬂﬁr egilig}nqi put the plane (111) is decreasi ng when PEG nol ecul ar
weight is cr Uslamsi g. 25] According to SIMS anal ysis [shown in
Fig.26(a)(b)], the major conponents of Cu filmare still Cu, 0, C, S and
Ti. The anmount of S element will be increasing with increasino, nolecular
wei ght of PEG, This L, 1-13 QO NFL observation is proved by our suggestion
whi ch di scuss®d SPio8E &l (111) peak was observed at higher electrical current

applied. The development of growth orientation of the copper film could
be rationalized by considering surface energy and strain energy at different
crystal planes. In the initial stage, the orientation of Cu (002) plane was
existed because this plane possessed the lowest surface energy. As applied
electrical current was increased, the strain energy becomes a dominant factor
in governing grain growth. A strong peak of Cu (111) was appeared when
applied electrical current was increasing. In addition, additives played an
important role in controlling the orientation of electroplated Cu films at low
current  density. No wvoid formation was observed when Cu
electrodeposited onto a 0.3 um width of trench in the presence of
((NH,OH), *H,S0,) additive. The concentration of O in the sample was
measured to be rather low. Therefore, oxidation of Cu or seed layer could
be neglected. In summary, sulfamate group showed little tendency to form
complex ions, therefore, it could stabilize Cu (I) and reduce current
efficiency  for copper deposition. Since hydroxyl amine sulfate
((NH,OH), *H,S0,) had both amino and sulfate functional groups, which
were similar to sulfamate, it was postulated that hydroxyl amine sulfate

could be used as a gap filling promoter in helping Cu electroplating.
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Based on our results, a lot of Thiourea and |arger nolecul ar weight of PEG
(mw >200) could not be used as additives in Cu electroplating for future
. Cu interconnect because of higher resistivity of copper film and poor
cap-filling ability. In order to nmake Cu el ectroplating inplenmented in
VLSI processing, a suitable additive nust be developed. In this study, we
try newtraditional additive agents of Ml asses which shows the samec
effect on resistivity of copper film ducose is also a comon traditiona
additive agent used in Cu electroplating. In our experinent, we found the
resistivity and orientation of electroplated copper filmdo not obvious
change with different anount of {d ucose. However, filling capability in

via and tTabihli €heafica h{iﬁ# ual thickn at all points of a
feature is formed, a vmlgbs | ?H%‘g@ééﬁg C?Wq%at?fiﬁkﬁolumn The Effect of
New Addi tive Agents Sul famates have been studied in interaction with a
nunber of netals. a.d

Composition Concentration
CuSO4 5SH20 60-150 g/l
H2S04 80-150 g/
Clions =~ 50-150 ppm
PEG ~100ppm
Addition agents Small
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NDL They show little tendency to formconplex ions or affect the deposition
by adsorption or bridging effects. Sul famates could be used as a
- gap-filling pronmoter in Cu electroplating because it coul d decrease
current efficient in Cu deposition. Since hydroxyl am ne sulfate (NH20H)2
-H2SO, has a simlar functional group with sulfamate, it is postul ated
that it could be act as a good gap filling pronmoter. In order to e¥#n ne
i f hydroxyl amine sulfate could act as a gap filling pronoter, Cu
el ectroplating with addition of hydroxyl amne sulfate is investigated in
this experiment. The experinent is executed on the substrates wth 0.3-0.8
uin wdth of trench/via. Since the thickness of base |ayer (seed | ayer
and diffusion barrier) is 60nmon the bottomand on the side wall and
120nm on the top, the width less than 0.25 ,u mcould be electrodeposited
in the 0.35 ,u mw dt8arlpptagesehelatingri g. 27 r evéallestages o pistingf ormed i f no
additive is added into the solution. The dinension of trench in Fig. 31 is
measured to be 0.4 ,u m Since @u reduction is preferred to occur at the

ant{-conformat

conformal . seam

"super-filling” detect-Iree

Fig 1. Typical deposition profile in plating.
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form No void formation is observed when the additive of (NH2OH) 2 - H2S04
is added into the electroplating solution, as shown in Fig. 28. The
- dinmension of trench is nmeasured to be 0.3 ,u m A conplete picture of SEM
image in | ow magnification of Cu electroplated on 0.3-0.8 la mof Q1 .WL
trench/via is presented in Fig. 29. According to previous results, it is
denonstrated that Cu could be electroplated into fine trenches or snwl
sizes of vias when hydroxyl anmine sulfate is used as a gap filling
pronmoter. In addition, the resistivity of Cu filmdoes not show
significant change. [see Fig 30] The concentration of O in the €u film
nmeasured to be very low [Fig.31]. Therefore, oxidation of Cu or seed |ayer
coul d be neglected. According to SIMS analysis, it is found that the
concentration of inpurity (S element) is very lowin copper filmJ[Fig.32].
A further study of this new additive is still investigated in progress.
Si nce hydroxyl amne sulfate ((NH2ZOH)2 H2SO4) has both am no and

Inhibitor ( Leveling agent )

—-——— -
- >~ - ~
- ~ - -
—— Q.‘ . ~ ~ -
_— L) ~ —_ -
et

4; dofirr,

Bath

. —
Diffusion
layer

Fig 2. Schematic cross-section shows micro-roughness at cathode. The

leveling is accumulated at peak (P) beéause diffusion is relatively fast
at the short distance from the diffusion boundary. Diffusion at valley
(V) is too slow to keep up with consumption of leveling agent.
Consequently, metal deposition is inhibited at peak but not in the

valleys, and filling in the valleys produces a smoother surface.
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sul fate functional group, it is proposed to use as a gap filling pronoter
in helping Cu electroplating. Another additive agent, hydroxyl am ne
hydrochl ori de (NH2OH) HCl, could be considered to use for Cu

el ectropl ati ng because it has a simlar am ne functional group with

chloride. In our experinent, we use different amount of hydroxyl aff‘ne
hydrochl oride (N-120H) HCl1 as a gap filling pronoter. The ability of
filling is not really %G8 R T T BT T DS DR 04 filled by Cu
but others can not. ; E T SRS R ger filmcould be
decreased to 1.9 a 0:== - s ~+of hydroxyk ‘ochloride is

A e no additive

used in the a ML el ec&&: Wared 1ot
added. [Fig. 30] Anot hag (£8: :
Tribenzyl am ne, benzot\¥% - coul d be
considered to be use amrRARHENEERVEING \ N S S ce they have
unsaturated ,z -bands; B NRIPTATHG & \“vji5:-a<\~l . face atons of

X by
Ay ted. z -bands, like

Fig 3.(a) Copper electroplated into a 0.4 micron trench with aspect ratio =

2.1:1

S 1&}“&\ :
DTN

e T

Fig 3.(b) Copper electroplated into a 0.35 micron trench with aspect ratio =

2.4:1
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copper, to produce substantial effect on the properties of deposits.
Brightness, leveling, as well as stability effect is still needed to do
further study. This study, we try to use Tribenzyl am ne and benzotri azol e
as |l eveling agents. However, these |evels agents are quite difficult in
soluble in sulfate acid solution to make experiment unworkable. ,VBL (VIU)
Conclusions A strong Cu (111) peak was observed at higher electrical
current applied. The devel opnment of growth orientation of the copper film
could be rationalized by considering surface energy and strain energy at
different crystal plg ~ the prientation of Cu
(002) plane was exi spEA T ik e segk t he | owest surface
energy. As applied : HRT TR : t he strain energy
becones a dom nant fa A strong peak of Cu (I~
11) was appeared whe i ncreasing. In
addition, additives (d olling the
orientation of electr

Fig 4. The optimized deposition process is able to fill up a high aspect-ratio

(~5) feature hole of 2 0.28 £ m via size without obvious seam

formation.
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current density. No void formati on was observed when Cu el ectrodeposited
onto a 033 Amwi dth of trench in the presence of ((NH20H)2 -H, S04)
. additive. The concentration of 0 in the sanple was neasured to be rather
| ow. Therefore, oxidation of Cu or seed |ayer could be neglected. In
summary, sulfamate group showed little tendency to form conplex ions,
therefore, it could stabilize Cu (1) and reduce current efficiencyor
copper deposition. Since hydroxyl amne sulfate ((NH OH2 -H2SO4) had both
am no and sul fate functional groups, which were simlar to sulfamate, it
was postul ated that hydrox amne sulfate Could be used as a crap filling
promoter in RelRT HFEL el®lt™bpl ating. 1S .VCL Table 1. Chenical
conposi tion afribemakect poplatgd Cu sol uti on Conposition Concentration
CuS™4 5H ')056\;9,}.,,150 g/l H2S04 80-150 g/l

]
— D.C. Power
T -
+ ggaa ggoag
888
| -
v
Anode ' Cathode
() )
I
C >
{]
..... - +— E
3 $ .
Cu A
L A—- —
D ' HSC4 OH Current
L_,
B

Fig 5. Schematic of the Cu electroplating system.
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O ions 50-150 ppm PEG - 100ppm Addition agents Small ,VDL Early stages of

pl ati ng anti-conformal conformal 'superfilling"” Late stages of plating void
. seam defect-free Fig 1. Typical deposition profile in plating. al. NDL
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Fig 6. Dependence of the thickness vs. H2SO4 concentration change.

(CuSO4¢5H20 at 90g/1, current density at 2.4A/dm?2 and time at Zrm'n)\ )
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Fig 7. Cu films resist:vity change as a function of concentration of H2SO4

(CuSOs+5H20 at 90g/l, current density at 2.4A/dm? and time at 2min)
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- because diffusigQ

- Inhibitor ( Leveling agent Fig 2. Schematic cross-section shows
m cro-roughness at cathode. The Ileveling is accunul ated at peak (P)

| : | fast at _the short distance fromthe
keep QE W th
on i s ¥hhibited
produces a
B a 0.4 mcron
ted into a 0.35
§zed deposition

di f f usi on bound
consunption of
at peak but not
snmoot her surfa
trench with asp

m cron trench v
process i s abl

Fig 8. SEM images of copper film morphology with and without H2SO4
presence. (a) only CuSO4¢5H20 (90g/1)  (b) CuSOs+5H20 (90g/1)

& H2S04 (20ml)



' (-5) feature hole of a 0.28 u mvia size w thout obvious seam formation.
Supplied B: PP Tank C. Ti anode basket D. Rolled copper E. Wfer

hUL Power
- D. C. Power 111100 19(r)99 0 11~ 11 e Anode (.-) C
1500 — '
_j N ANDL
|
] / |
=
€ 1000 —J /
T /
c
® i
E | /
8'. 500 --«: A/‘/A—\‘
Q -
A
A
i
0] | .
11)0 S
: 1.50 2.00 2.50 3.00 3
. . .50
Current Density (A/dm2) +00
Fig 9. Dependence of film deposition rate vs. current density variation.
(CuSO4+5H20 at 90g/1, H2SO4 at 197¢/1 and time at 2min)
11.00 — A
10.00 = /-
¢ 900 = /
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S 800 = /
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3
1.00 =
3
0.00 ”‘ :
I l i ! l ' | ]
1.0 1.5 2.0 2.5 3.0 3.5 4.0

Current Density (a/dm2)

Fig 10. Film resistivity change as a function of applied current variation.

(CuSOs+5H20 at 90g/l, H2SO4 at 197g/1 and time at 2min)

3



HSO4 OH Cathode (-) Current Fig 5. Schematic of the Cu el ectroplating
system 34 9 0 -a 0 50 100 150 200 250 30 H2SO4 Concentration (g/l) Fig 6.
Dependence of the thickness vs. H2S04 concentration change. (CuSO45H20 at

90g/1, current density at 2.4A/dn2 and tinme at 2mn 15co E | oco
NDL

2SRl

. 3_:.-_563-:",
2.3k Y ¥Re.8K T 839nm
(b) 3.2 A/dm?2

.

<.t o4

Fig 11. Cu film morphology at different applied currents..



0050 .1, 1 ., 1, " i .l 100 150 200 250 300 H2SC4 Concentration
(g/l) Fig 7. Cu filnms resistivity change as a function of concentration of

- H2S04 (CuSO45H20 at 90gll, current density at 2.4A/dn2 and tine at 2m n)
.VDL 3a ,VLL (a) M(b) ww Fig 8 SEMinmages of copper film norphology with
and W thout H2S04 presence. (a) only CuSO45H20 (90g/1) (b) CuSH4'zHzO

(90g/ 1)

{
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4
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| i | ' : ' i ‘ | ]
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Fig 12. XRD measurement at various applied current.
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Density (a/dnR) Fig 10. Filmresistivity change as a function of applied
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' ,WDL 0.10 0.05 H0.00 1.0 1.5 2.0 2.5 3.0 3.5 4.0 Current Density (A/ dnR)
Fig 12. ‘XRD neasurenent at various applied current. SINf|I OC NO AdVCNC 3S
. O,VDL | >~ 61Nf 100 NO A YONOOHS O NDL

B3221 L 2.V

Fig 14. Showed the images of pattern wafer before electroplating.

33



ZQ NDL Fig 14. Showed the inmages of pattern wafer before electroplating. 33
N CL 0.00 50.00 100.00 150.00 - HCI concentration (ppm Fig 15. The
. relationship of Cu filmresistivity vs. various concentration of HCL.
(CQusS™4' 5H20 at 90g/1, H2S04 at 197,9,/ | , current density at 2.4 A/ dnR
and tinme at 2min) b Fig 16. The uniformty at the top of the trench is (a)
not snmooth wi thout HCL addition (b) nore snmooth with HCL additi orn’P*

235 —

~ | .
2.25 -—- . \ /

220 —

(1 22 = em)
{

Resislivity

0.00 50.00 100.00 150.00
HCI concentration (ppm)

Fig 15. The relationship of Cu film resistivify Vvs. various concentration of
HCl. (CuSO4+5H20 at 950g/1, H2S04 at 197g/1 , current density at 2.4

A/dm?2 and time at 2min)



NDL Fig 17. Voids are obviously forned in the trench wi thout any additive
agent addition. Y~z .VDL a CC 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0

QGUa e Ay

LS IR IR 2 BNt B 1

YA Cds HLCL 4R
BLlO725 29.08k% X1S.uK {.2@.u

(b)

P

Fig 16. The uniformity at the top of the trench is (2) not smooth without HC]

addition (b) more smooth with HCl addition.



3.0 220 1.0 0.0 0.00 0.01 0.02 0.03 0.04 0.05 0.06 (NH2)2Cs (g/l) Fig
18. The relationship of Cu filmresistivity vs. various concentration of
(NH) 2CS. (CuSO45H20 at 90g/1, H2S04 at 197g/l, HCL at 70 ppm current
density at 2.4 A dn2 and tine at 2mn) 43 ,VDL Fig 19. SEMinmage of the
electroplated Cu filmat 0.03 J1 of thiourea Addition, applied curfént
density is 2. 4A/dn2. ‘Fig 20. SEMinage of the electroplated Cu film at
0.054g/ 1 of thiourea addition, applied current density was 2.4A/ dn2.

MO IWM2E . kY NOW o K

[0 B W WS 3

Fig 17. Voids are obviously formed in the trench without any additive agent

addition.
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.VDL 3.0 2.5¢ 2.01.00.50.01 30.0 60.0 90.0 120.0 150:0 180.0 Tine
(sec) Fig 21. The relationship of Cu filmresistivity vs. deposition tinme

- (CuSO45H20 at 90g/1, H2S04 at 197g/l, HCL at 70 ppm current density at
1.2 Adn2 ) Note: » with 2)2CS 0.0036g/1 and A without 1 2)2CS . VDL

NDL
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Fig 18. The relationship of Cu film resistivity vs. various concentration of

(NH)2CS. (CuSO4+5H20 at 90g/], H2S04 at 197g/1 , HCI at 70 ppm

2

current density at 2.4 A.dm2 and time at 2min)
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Fig 19. SEM image of the electroplated Cu film at 0.03g/1 of thiourea

Addition, applied current density is 2.4A/dm?2.
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Fig 20. SEM image of the electroplated Cu film at 0.054g/1 of thiourea

addition, applied current density was 2.4A/dm32.
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Fig 21. The relationship of Cu film resistivity vs. deposition time
(CuSO4+5H20 at 90g/1, H2S04 at 197g/1, HCl at 70 ppm,

current density at 1.2 A.dm?2 )
Note: £ with (NH2)2CS 0.0036g/1 and A  without (NH2)2CS
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1.0 0.5 0.0 | Ohne Add,

0, 0036 g/|
. 30.0 50.0 90.0 120.0 zeit (beK. ) |

spezi fische Wderstand von Cu-Fil nen

t vraagans a 0, 0036 g/l
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. Strondi cht e:

" anderz rich nit verschi edenem PEG Ml ekul ar - gew cht bei
5H20: 90 g/,

Abschei dungszeit. (CuS04 -
1,2 Adn2) | ML 5.0-,

60.0 90.0 120.0 150.0 Time (sec) |

filnms change with various PEG nol ecul ar

time. (CuSO45H20 at 90g/l, H2S04 at
at 1.2 Adn2 ) 4.5 '

5.0

ver schi edener
HC1. 70 ppm
& PEG 4000 30.0
Fig 23. The resistivity of Cu
wei ght at different deposition
197g/1, HA at 70 ppm current density

H2S04: 197 g/,
~ (Ng2) 2CS 0. 00369/ |
18

3
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Figur 23. Der speziiische Widerstand von Cu-Filmen
andert sich mit verschiedenem PEG-Molekular-
gewicht bei verschiedener Abscheidungszeit.
{CuS0, *5H,0: 50 g/1, H5S80;4: 197 g/1, HCl:

70 ppm, Stromdichte: 1,2 A/dm?)
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1.5

I\ (NH2) 2CS
¢ analysis wt
PEG10, 000 ad

Resistivity

A without additive agent Z-'. (NH2)2CS 0.0036g/1 & PE&X00

1.0

0.0036g/l & PEG :CCO 0.5 0.0 J .CL Fig 24. Film norphol ogy

h di fferent anount of Thiourea Addition (a) PEGLO00 added (b)
ded 40

NCL
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Fig 23. The resistivity of Cu films change with various PEG molecular

weight at different deposition time. (CuSQ4+5H20 at 90 g/l, H2804 at

197g/1, HCl at 70 ppm, current density at 1.2 A.dm? )
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.lvDL 0.40 0.35 0.30 0.25 0.20 0.15 0.10 0.05 0.00 O 3.T.D
Q@ U)2CS PEG 200 X MOVS. PEG 1000 0 M2C2 PEG 4000 -x_

NCL

(b)

Fig 24. Film morphology analysis with different amount of Thiourea

Addition (a) PEG1000 added (b) PEG10,000 added



.0 _x 90 120 150 180 210 240 Tine (sec) Fig 25. XRD neasurenent at various
PEG nol ecular weight. GA4 0O W J MO O .1 SiNf100 NO Al dVONOO3S 0

[

NDL

4 1TD
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Fig 25. XRD measurement at various PEG molecular weight.
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SINf 100 NO AUV ONOOSS S3 NDL NuL Fig 2% The SEM i nage of the
electroplated Cu filmw thout additive agent addition. The di nension of
. trench is 0.25 1' m Fig 28. The SEMinage of the electroplated Cu film at
0.060-,/1 of (NH OH)H S04 addition. The dinmension of trench is 0.25 gm F+
| VZ)L 11 Fig 29. (a) & (b) A low magnification of the SEMinmage of Cu
El ectroplate on 0.3-0.8 ,L mof trench/via. SS 1. 5 NDL
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1.0 Wthout acditive agent Wth (NH20H) 2"6i 2S04 x Wth NHZOH 1C. 0.0 30.0
60.0 90.0 120.0 150.0 180.0 Tine (sec) Fig 'D0. The resistivity ohange
« Wwith different anount of additive additive agent at different deposition

tine. 56 T2 aVY $Z

L
-

Fig 27. The SEM 1mage of the electroplated Cu film without additive agent

addigon. The dimension of trench is 0.25 2 m.

Fig 28. The SEM image of the electroplated Cu film at 0.06g/1 of
(NH20H)H=SO+ addition. The dimension of trench is 0.25 z m.
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U5 01 NDL V s1Nnoo No= AWNONOOES 58 Tabl e Captions Table 1. Chem cal
conposition of the electroplated Cu solution Figure Captions Fig 1

Typi cal deposition profile in plating. Fig 2. Schematic cross-section shows
m cr o-roughness at cathode. The Ileveling is accunul ated at peak (P)
because diffusion is relatively fast at the short distance fromthe

di ffusi on boundary. Diffusion at valley (V) is too slowto keep upwaith
consunption of |eveli-ng agent.

Fig 29. (a) & (b) A low magnification of the SEM image of Cu Electroplate

on 0.3~0.8 1 m of rench/via.
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Consequently, netal deposition is inhibited at peak but not in the

valleys, and filling in the valleys produces a snoother surface. Fig 3.(a)

: Copper electroplated into a 0.4 mcron trench wi'th aspect ratio = 2.1:1
Fig 3.(b) Copper electroplated into a 0.35 micron trench with aspe®- ratio
= 2.4:1 Fig 4. The optim zed deposition process is able to fill a high

aspect-ratio (-5) feature hole of a 0.28 i mvia size without obvious seam
formation. Fig 5. Schematic of the Cu electroplating system Fig 6.
Dependence of the thickness vs. H1S04 concentration change. 59 |

(CQuS4. 5H20 at 90g/l, current density at 2.4A/dnR and tinme at 2mn)

3.0
A
2.5 ~ .
;:.-'\’————" — AT - =
2.0 —j T A
> =
= :
a 13—
2 -
2 -
10 = A inouwt acditive agent
o - 2 witn (NH20H)2*=2502
v.T
Z X With NHZOH*HC!
0.0 - : [ .
30.0 80.0 90.0 120.0 150.0 180.0
Time (sec)
Fig 30. The resisuvity change with differsnt amount of additive additive

agent at differsnt deposituon tme.
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Fig 7. Cu filnms resistivity change as a function of concentration of |-LSO4
(CUS04.5H20 at 90g/l, current density at 2. 4A/dn2 and time at 2mn) Fig 8.
. SEM i mages of copper film norphology with and Wthout H2SO4 Pr esep_,pe (a)
only CuSO4. 5H20 (90g/1) (b) CuSO4.5H20 90g 1 & H2S04 (20m /1) Fig :
Dependence of film deposition rate vs. current density variation.
(CuSH.51-L0 at 90g/1, H2S04 at 197g/1 and time at 2mn Fig 10. Film
resistivity change as a function of applied current variation.
(CuS™4. 51- L0 at 909/1, H2S04 at 197g/l and time at 2min Fig 11. Cu film
nor phol ogy at different applied currents.. Fig 12. XRD measur emgnt at
various applied curpeprt—odSO4.-5H20 2t 00g/1l _HPSN4 at 1979/ 1 and tine at
2mn Fig 13.(a) The SIMS results showed {hat oxygen ncentraton in
el ectroplated Cu filmat |ow applied curfent density l f_1.2A dnR.
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Fig 13.(b) The SIMS results showed that oxygen concentraton in
electroplated Cu filmat high applied current density of 3.2A/dnR2. 60 |
z 14. Showed the Images of pattern wafer before electroplating % 1

1112. FI =a 15. The relationship of Cu filmresistivity vs. various

concentration of

HCl . (CuS04-51-LO at 90ail, H12S04 at 197g,'l , current

densiry at 2.4 A/dnR and time at 2 mn F 1 cr 16. The uniformty at the
tot) of the trench is (a) not smpoth without HCl addition (b) nore snooth

with HC addition
any additive agent

Fiz 17. Voids are obviously fornmed in the trench w thout
addition. Fi -(z IS - The relationship of Cu film
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ol (-NT~I CS- (CLI SO4-5-HZ0 at 90 1, H2S04 at 19-z/1, 1-1C, at 70 ppm
current density at 2.4 A dn2l and tinme at 2mn) Fla 19. SEMimage of the

. electroplated Cu filmat 0.03- o-JA of thiourea ,Addition applied current
density is 2.4,-,,/dnmR2. Fig 20. SE- Mimge of the electroplated Cu Film at
0.05-4 z/1 of thiourea addition, applied current density was 2.4.k~dm 2.
Fig 21. The relationship of Cu filmresistivity vs.deposition tinme .
(CUS04-514-'?0 at Mail, H2S04 at 1~7g/l , FICl at 70 ppm current density
at 1.2. A dra-') Fig 22. (a) SII\/BF%@«,FiS'Qn Gt filmwthout thioura
presence. Fig 22. (b) SIM anal ysi/é Gﬁﬂpﬂsmvmth thioura 0.00369/1
addition. | Fig 22. (c) SIMs analysis on Cu filmwth thioura 0.018g/1

addi t i on. Talfled] 2Shefffieal @ompbiitida o theUebrbBattAAASoMiidh var  ous PEG
Figure Captions
Fig 1. Typical deposition profile in plating.
Fig 2. Schematic cross-section shows micro-roughness at cathode. The
leveling 1s accumulated at peak (P) because diffusion is relatively fast
at the short distance from the diffusion boundary. Diffusion at valley
(V) 1s too slow to keep up with consumption of leveling agent.
Consequently, metal deposition is inhibited at peak but not in the
valleys, and filling in the valleys produces a smoother surface.
Fig 3.(a) Copper electroplated into a 0.4 micron trench with aspect ratio =
2.1:1

Fig 3.(b) Copper electroplated into a 0.35 micron trench with aspect ratio =
24:1

Fig 4. The optimized deposition process is able to fill a high aspect-ratio

(~5) feature hole of a 0.28 1 m via size without obvious seam

formation.
Fig 5. Schematic of the Cu zlectroplating system.

Fig 6. Dependence of the thickness vs. H2SO4 concentration change.
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wei ght at different deposition tine. (CuSO45H20 at 90g/1, H2SO4 at 197g/1
, HO at 70 ppm current density at 1.2 A.dn2) . Fig 24. Fil m norphol ogy

Y analysis with different anount of Thiourea Addition (a) PEQ 000 added (b)
PEGLO, 000 added Fig 25. XRD neasurenent at various PEG nol ecul ar wei ght..
Fig 26. (a)The SIMS analysis on Cu filmw th Thiourea and PEG00 additi on.
Fig 26. (b)The SIMS analysis on Cu filmw th Thiourea and PEG000 addition

Fig 27. The SEM | ﬁe)esgfd_tﬁhe el ectroplated Cu filmw thout additive agent
addi tion. The di Otgtegu:gz [ 5 g m Fig 28. The SEM i mge of the
electroplated Cu filmat 0.06 g/ l’oﬁm?qﬂifiﬂ%fmﬁlﬁémm%d}ﬂﬁ 'trrensi on
of trench is O. in. Fig 29. (a) & (b) A low magnification Sf t he SEM

i mmge of Cu Electroplate on 0.3-0.8 t mof trench/via. Fig 30. The
resi stivitFy c7hange with different anmount of additive additive
1g

. Cu films resistivi
Tesistivity change as 3 function of concentration of H2S§04

SH20 at 90g/1, current density at 2.4A/dm2 and time at
2min)

presence. (a) only CuSOu4e5H20 (50g/1) (b) CuSO4e5H20 (90g/D
& H2S04 (20ml/1)

Fig 9. Dependence of film deposition rate VS. current density variation
(CuSO4+5H20 at 90g/1, H2804 at 197¢/1 and time at 2min) |
Fig 10. Film resistivity change as a function of applied current variation
SHO at 90g/1, H2504 4t 197g/1 and time at 2min) |
E 1g 11. Cu film morphology at different applied currents
Fig 12. XRD measurement at varioys applied current,
(CuSO4+5H20 at 90g/l, H2SO4 at 197g/l and time at 2min)

Fig 13
1g 13.(a) The SIMS results showed that 0Xygen concentraton in

electroplated Cy fiim at low applied current density of 1.2A/dm?

Fig 13
1g 13.(b) The SIMS results showed that 0Xygen concentraton in

electroplate.d Cu film at high applied current density of
3.2A/dm2.
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agent at different deposition tine. GA |l Fig 31. The AES analysis of the Cu
filmat 0.068/1 of (NH2OH)2H2S04 addition. Fig 32. The SIM analysis on Cu
' filmat 0.06g/1 of (NH2OH)2H2SO4 addition. G | 1999 Em 99219 CLAIMS 5 10

15 20
Fig 14. Showed the images of pattern water before eleczoplating.

Fig 15. The relationship of Cu film resistivity vs. various concentration of
HCL (CuSO++2H20 at 50g/1, H2S04 at 197g1, current densirv at 2.4
A/dm? and time at 2min) )

F1g 16. The uniformity at the top of the rench is (a) not smooth without HCl

addition (b) more smooth with HC! addition.

Fig 17. Voids are obviously formed in the rench without any additive agent
addition.

Fig 13. The relationship of C-ﬁ film resistivity vs. various concentration of
(NH)2CS. (CuSQs+3H20 ar 90¢/1, 2504 at 197g/1 , HCl at 70 ppm,
current density at 2.4 A.dm2 and time at 2min)

Fig 19. SEM image of the clectroplated Cu film at 0.03¢/1 of thiourea

Addition, applied current density is 2.4A/dm2.

Fig 20. SEM image of the elecroplated Cu film at 0.054g/1 of thiourea

addition, applied current density was 2.4A/dm?2.

Fig 21. The relationship of Cu film resistivity vs. deposition time
(CuSO43H20 at 90g/1, H2804 at 167g1, HCl at 70 ppm,

current density at 1.2 A.dm?2 )

Fig 22. (a) SIMS analysis on Cu film without thioura presence.

Fig 22. (b) SIMS analysis on Cu film with thioura 0.0036g/! addition.




25 30 35 1. Electroplatingplating solution for copper conprising CuSH.
5H20, H2SO4, HC, Pol yet hyl engl ycol (nol ecul ar wei ght >200), hydroxyl

| am ne sul fate, hydroxyl ami ne chloride and if necessary further addi-
tives. 2. Solution according to claim1 conprising C ions in a range of 50
- 150 ppm and hydroxyl amne sulfate in a range of 0,01 - 5 g/l. 3.
Sol ution according to claiml conprising d ions in a range of 55 - 125
ppm 63 Speicherdatum 01.09.99 12:28 Druckdatum 01.09.99 12:28

Fig 22. (c) SIMS analysis on Cu film with thioura 0.018g/] addition.

Fig 23. The resistivity of Cu films change with various PEG molecular
weight at different deposition time. (CuSO4*5H20 at 90g/l, H2SO4 at
197g/1, HCl at 70 ppm, current density at 1.2 A.dm2 ) |

Fig 24. Film morphology analysis with different amount of Thiourea
Addition (a) PEG1000 added (b) PEG10,000 added

Fig 25. XRD measurement at various PEG molecular weight..

Fig 26. (a)The SIMS analysis on Cu film with Thiourea and PEG200

addition.

Fig 26. (b)The SIMS analysis on Cu film with Thiourea and PEG4000

addition

Fig 27. The SEM image of the electroplated Cu film without additive agent

addition. The dimension of trench is 0.25 y m.

Fig 28. The SEM image of the electroplated Cu film at 0.06g/1 of

(NH20H)H2SO4+  addition. The dimension of trench is 0.25 £ m.

Fig 29. (a) & (b) A low magnification of the SEM ixhagc of Cu Electroplate

on 0.3~0.8 1z m of trench/via.

Fig 30. The resistivity change with different amount of additive additive

agent at different deposition time.
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\
Fig 31. The AES analysis of the Cu film at 0.06g/1 of (NH20H)2H2804

addition.

Fig 32. The SIMS analysis on Cu film at 0.06g/1 of (NH20H)2H2S04

addition.
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1999 Em 99219

CLAIMS

1. Electroplatingplating solution for copper comprising CuSQ,4.5H-0,
H2SO,4, HCI, Polyethylenglycol (molecular weight >200), hydroxy!

> amine sulfate, hydroxyl amine chloride and if necessary further addi-
tives.
2. Solution according to claim 1 comprising Cl ions in a range of 50 -
150 ppm and hydroxyl amine sulfate in a range of 0,01 - 5 g/l.
10
3. Solution according to claim 1 comprising Cl ions in a range of 55 -
125 ppm.
13
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