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Traditional semiconductor manufacuring relies on a fixed
processredpe combined with a dasdcd statisticd process
control that is used to monitor the production process
Leading-edge manufaduring processes require higher
levels of predsion and accuracgy, which necesstate the use
of a tighter process control. Advanced Process Control
(APC) has beaome a aitical component to improve the
performance, yield, throughput, and flexibility of the
manufaduring process through run-to-run, wafer-to-wafer
and within wafer control. The @mplexity of device
manufaduring processas well as the strong coupling effed
of severa input parameters on the final process outputs
prohibit the use of a dasdcd single variable feelbadk
control method. Therefore, a multivariate, model-based
APC system has been developed in conjunction with feed-
forward and feedbadk mechanisms to automaticdly
determine the optimal redpe for ead wafer based on bath
incoming wafer and todl properties. The APC system uses
wafer metrology, process models and sophisticated
algorithms to provide dynamic fine-tuning of intermediate
processtargets that enhance final devicetargets. The design
of the APC system enables sdability of the ontrol
solutions from the levels of a single dhamber, atod, multi-
tools, a module and multi-modules using similar building
blocks, concepts and algorithms.

APC correds for any systematic variations in process
output due to variations in either tool-state or incoming
wafer-state & gown in Fig.1. Typicd tool-state example is
consumable lifetime, such as pad and pad-conditioning disk
life in CMP, and wafer-state relates to incoming wafer
thickness and uniformity. Tool-state ad wafer-state
information is incorporated into the process model and
compensated for acordingy. Wafer-state information can
be dther pre-measured prior to processng in the tod itself
or fed-forward from an upstream process tool. Connecting
the processtoals enables better overall flow integration and
optimizes the use of integrated metrology for both feadbadk
control on the upstream toadl and feed-forward control to the
downstream todl.

Another benefit of APC is its potential to enhance tool
productivity. In manufacturing environment, tool operators
will typicdly pre-determine the tool maintenance schedule
for ead processtod and shut down the tod for regular
maintenance regardless of its process performance With
integrated metrology monitoring parameters like depaosition
thickness film properties and particle adders, a process
chamber can often be run well beyond the established
maintenance schedule. Any process drift due to chamber
cleaing state @n be stopped in red time without losing
valuable product wafers, thereby, increasing todl utili zation
and reducing the need for non-product monitor wafers.

APC can be dassfied by the frequency of the cntrol
adion, i.e. red time, wafer-to-wafer, lot-to-lot. In al three
cases the film properties to be cntrolled can be average per
wafer or within wafer uniformity. SeeFig.2

(i) Traditional lot-to-lot process control monitors wafers
after processng, using external metrology, and dces not
provide arapid response bad to the process tod. Thus,
potentially allowing some scrapped lots. Thisis particularly
unaccetable for larger wafer sizes.

(i) Wafer-to-wafer control provides control every wafer
within a lot independently, since wafers are monitored as
they exit the processng chamber and adjustments are made
rapidly to the process for subsequent wafers. In this case,
integrated metrology (inline) is of criticd importance to
adiieve quick feeadbadk of any process variation or
excursion. The integrated metrology can be used to
measure both average axd within wafer uniformity.

(i) Red time process control enables change of the
processng parameters for ead wafer while it is being
proceseed based on information from in-situ sensors
monitoring the cnditi ons of the processchamber and/or the
film properties. This technique is the most powerful for
process control. Existing in-situ sensors have been used
primarily to control average wafer-level film properties.
Currently development is underway to extend in-situ
sensors to enable within wafer control.

Results using Applied Materids iAPC™  and
ProcessModule™ products will be discused to ill ustrate
both wafer-to-wafer and within wafer control using
integrated and in-situ metrology for various criticd
semiconductor applications.
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Wafer-To-Wafer or Real Time Control
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Fig 2. APC Qassificdion




