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ABSTRACT 
This paper describes the Altera Stratix II™ logic and routing 
architecture. This architecture features a novel adaptive logic 
module (ALM) that is based on a 6-LUT, but can be partitioned 
into two smaller LUTs to efficiently implement circuits containing 
a range of LUT sizes that arises in conventional synthesis flows. 
This provides a performance increase of 15% in the Stratix II 
architecture while reducing area by 2%. The ALM also includes a 
more powerful arithmetic structure that can perform two bits of 
arithmetic per ALM, and perform a sum of up to three inputs. The 
routing fabric adds a new set of fast inputs to the routing 
multiplexers for another 3% improvement in performance, while 
other improvements in routing efficiency cause another 6% 
reduction in area. These changes in combination with other circuit 
and architecture changes in Stratix II contribute 27% of an overall 
51% performance improvement (including architecture and 
process improvement). The architecture changes reduce area by 
10% in the same process, and by 50% after including process 
migration.   

Categories and Subject Descriptors 
B.7.1 [Integrated Circuits]:  

General Terms 
Design 
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1. INTRODUCTION 
This paper describes the Stratix II FPGA logic and routing 
architecture. The goals for Stratix II were to improve both              

performance and area compared to Stratix™, independent of the 
process change. While the process shrink from 0.13um to 90nm 
could provide approximately 20% performance improvement, this 
was considerably short of the 50% performance increase that was 
desired. Although Stratix II includes a number of new features as 
well as circuit optimizations, the single largest source of 
architectural performance improvement was the development of a 
new adaptive logic module (ALM), offering 15% performance 
compared to a 4-LUT. The inclusion of a set of fast routing 
connections offered another 3%. The remainder of the 
performance improvements will not be described in this paper. 
 
Section 2 of the paper gives a brief overview of the Stratix 
architecture and describes the tools used to evaluate logic and 
routing architectures. Section 3 describes the development of the 
adaptive logic module used in Stratix II. It describes various 
structures for a larger LUT, and the evaluation of them together 
with the appropriate LAB size. Arithmetic features and carry 
chain modifications to enhance routability are also described. 
Section 4 describes modifications of the routing architecture, 
including fast routing multiplexers and the reduction in routing 
channel widths used in Stratix-II. Section  5 concludes the paper. 

2. ROUTING ARCHITECTURE 
This section describes the development of the routing architecture 
for Stratix. It first briefly describes the FPGA modeling toolkit 
(FMT) experimental infrastructure used to evaluate various 
routing architectures, and changes since previous description of it 
[1].  The new Synthesis modeling toolkit is also described. 

2.1 Experimental Infrastructure  
The routing architecture was developed using the Altera FPGA 
Modeling Toolkit (FMT) and Synthesis Modeling Toolkit (SMT.) 
Based on the academic VPR place and route tool [3] [10], FMT 
extends the VPR framework to deal with the level of complexity 
of modeling the details of a state of the art FPGA architecture, and 
was first used successfully to design the Stratix™ architecture [1]. 
 
Since the use of the FMT in developing the Stratix architecture, 
the SMT has been developed to allow the exploration of logic 
block architectures. The SMT allows synthesis from HDL into 
LUT-based architectures, and requires some customization for 

 

 

 
 
 
Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that
copies bear this notice and the full citation on the first page. To copy
otherwise, or republish, to post on servers or to redistribute to lists, 
requires prior specific permission and/or a fee. 
FPGA’05, February 20–22, 2005, Monterey, California, USA. 
Copyright 2005 ACM 1-59593-029-9/05/0002...$5.00. 














