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ELECTROCHEMICAL PLANARIZATION FOR
MICROELECTRONIC CIRCUITS

A Significantly Improved Process

Need for Flatter Surfaces

The need for flatter and smoother surtaces (pla-
narization) in microclectronic circuits increases
as the number of metal levels in ultra large scale
integrated (ULSD) circuits increases. The flatter—
or more plananzed —cach layer of matenial is, the
more layers that can be made More layers yield a
denser drcuit wiring, a higher final product
computation speed, and a less expensive final
product, duc to a lower number of defects.

Electrochemically Flatter Is Easier and Less
Expensive

We have developed an clectrochemical planariza-
tion process. It first involves *he uniform blanket
metal clectroplating over an insulating layer hav-
ing embedded conductor lines. The next step s to
remove the metal very uniformly, leaving behind
embedded conductors that have their top surfac-
es level with the top surfaces of the surrounding
insulator layver. This step has conventionallv been

.carnied out by a process called chemical-mechan-
ical polishing (CMP). In CMP, the excess electro-
plated metal, along with the insulating material,
is mechanicallv polished away (aided by simulta-
neous chemical etching) until the embedded con-
ductors remain.

At LLNL, we have developed a significantly
improved proauss and apparatus using, clectro-
polshing to smoothen and remove the metal
layver very uniformly across the surface of the
sample A sample cnated with copper is placed in
a viscous aad bath. rotated, and an clectne
current 1€ apphed between the sample (positive
connection) and the counter clectrode (negative
connection) Copper i removed trom the surtace
of the sample 1in an “electropohishing made.”
which smoothens the surtace The polishing re-
sults trom a microscopic preterential removal of
metal trom more exposed arcas On a macroncop-
1c basis, the matenal is removed unitormly When
finished. the surface copper becomes murror
smaath

Applications

@ Planarizaticn of electronic circuits at ULS/
level

@ Plananzation of electronic circuits at the
packaging level

€ Uniform metal thinning and planarization
on other substrates such as optical
components (mirrors, thin windows), metal
samples for scanning electron or scanning
transmission electron microscopy

@ Uniform, selective rernoval of coatings on
semiconductors or other substrates.

& Lowcost optical mirrors on nonsmooth
substrates

Our Process Details

We have developed an electrochemical plananza-
tion process that fills vias and trenches with metal
(without voids) and subsequently planarizes the
surface. We make use of plasma-enhanced chem-
ical vapor deposition (PECVD) of SiO2 for the
dielectric layers {although polyimide also works
satisfactorily) and electroplated copper for the
mcialization. Our clectroplating tools produce
low-resistance (<19 pohm-cm) conducters and
arc low in cost and mamntenance compared o
vacuum metahization equipment Blanket electro-
plating completely tills the trenches and vias and
partially piananzces the surtace Electropolishung
further plananzes the surtace down to a thin
(1000-5000 A) metal laver. Finaily, either an 1on-
milling or a wet-etch process removes the rematn-
ing metal The process can be repeated as nevessary
tor multilevel metalivation

Advantages Over Existing Products

* More accurate endpaint determination
A Visually by eve
b) By measunng the amount of change
paseed through the sample
<) Colonmetncally by detevtor

DISTRISUTION OF TH!S DOCUMENT IS WY $LIMTED

N2
-



Easily adaptable to robotic handling,

Easily adaptable to assembly line type manu-
facturing

Better unitormitv of metal polishing removal
Virtually in‘inite selectivity of metal over in-

sulator reruoval

¢ Less expensive capital costs
¢ Electropohisher machine weight is about one-
cighth of conventional polishing machines

Open for Collaboration

The Laboratory 1s secking, an organization inter-
ested in collaborating on further improvements
for this and related technologpes.

Previous Technology Transfer

We transferred our electropolishing technology
and a new machine to IBM, which is investigating
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the use of the machine and clectropolishing,
process for planarization. Transferring, this tech-
nology to industry eamed us the prestigious
1992 Excellence in Technology Transfer Award
from the Fedceral Laboratory Consortium, which
recognizes distinguished work of sigificant val-
ue to US industries. 1S
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