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Abstract: 
Due to the different solutions used to implement combinatorial logic blocks, comparison of 
performances of circuit mapping, on different FPGA's target, is quite hard to be analyzed. In order 
to accurately compare the performances of the logic blocks architectures used in FPGA's families 
we use facilities in automatic layout synthesis to compare the performances of a set of logic 
functions implemented with different logic block alternatives. Comparisons are obtained from 
the evaluation of the performances of the layout extraction of these implementations. As an 
application of the results obtained a methodology is proposed to optimize the size of transistor 
of the transmission gates used to implement Look-up Tables. 
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1- INTRODUCTION 

FPGA architectures often make use of complex cells to efficiently implement circuitry with the 
help of logic synthesis tools. Among the several FPGA technologies available today (Xilinx, 
Actel, Altera, etc ... ), the comparison of timing performances is always device (XC3000, XC4000, 
ACT/, ... ) and technology (CMOS process and programming technique) dependent. For a given 
FPGA device, the delay of a path depends on the logic block architecture, the number ofthe logic 
depth of the mapping, the routing delays associated and the UO cells. The resulting delay 
information is directly given by the manufacturers without any technological information on the 
process parameters used. Consequently, the effect of the logic block structures on the speed of 
FPGA is quite hard to be analyzed. 
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In order to focus on the effect of logic block architecture on FPGA timing performances, it 
is necessary to select a common CMOS process, and to implement a set of logic functions using 
the different logic blocks alternatives. A first complete study of logic blocks has been proposed 
in Singh ( 1992,1991 ): an experimental approach is taken, in which a set of benchmark logic 
circuits is synthesized into different FPGA's using a same CMOS process. It is shown that the 
fine grain blocks (Nand2, ... ) are slow, because they require many levels oflogic and consequently 
a large routing delay. Five and six input look up tables and Actel muxes give the best 
performances because of the balance obtained between routing and logic delays. This study 
covers a large selection of combinational circuits, and show the effect of granularity on 
performance taking into account an approximation of the routing delays. However the limitations 
come from the evaluation performed at the transistor level without any consideration on the 
layout and the transistor sizes (always minimum). Moreover the routing delay is taken as a 
constant similar for each connection. 

The effect of logic block layout on the speed ofFPGA's is studied in this paper. Using a layout 
generator, we evaluate the post-layout performances of the basic cells taking into account the 
load capacitances and the transistor widths. To generate the different CMOS logic functions, we 
use an efficient layout methodology, where the cells are implemented as an array of rows with 
different heights (Moraes 1993). Optimized cells are generated with a two pass procedure : first 
the automatic generator transforms the electrical netlist in a symbolic description, then this 
description is translated into a layout after technology interpretation and compaction procedures. 
The main differences with the traditional cell based approach are : no explicit routing channel 
between rows, variable row heights, all cells are vertically transparent to the second metal layer 
used to vertically cross the cells, technology independence, and optimization of the transistor 
widths depending on the user constraints. 

This paper is divided into 4 sections. Section 2 presents the logic block investigated, and the 
layout synthesis approach used. In section 3 we describe the experimental procedure used to 
evaluate the post layout performances of the different logic blocks, and the results obtained. In 
section 4, we discuss on the improvement of the look up table logic blocks using a methodology 
to size the transmission gates. 

2- DESCRIPTION OF LOGIC BLOCKS 

The FPGA architectures consists in an array of identical cells separated by wiring channels. The 
Actel architectures implement 4-to-1 muxes in a single level (mux A, Figure 1) Gamal ( 1989). 
The logic block of Xilinx XC series uses a programmed look up table ( LUT ) to implement 
boolean functions : 4 input look up table for the XC2000 series LCA (jigure 2), 5 input look up 
table for the XC3000 and XC 4000 series. 
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Figure 1 : Multiplexer basic modules 
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Figure 2: Four-input Lookup Table (LTK4) 

2.1 Layout methodology 

To generate the different CMOS logic functions, we use an efficient layout methodology, where 
the cells are implt:mented as an array of rows with different heights (Tropic generator) (Moraes 
1993, 1993bis). Optimized cells are generated in a two pass procedure : first the automatic 
generator transform the electrical netlist into a symbolic description, then this description is 
translated into a layout after technology interpretation and compaction procedures. 
Interconnection is realized with two metal layers for intra-<:ell and inter-row routing. 

The general procedure of the layout synthesis (TROPIC) covers 5 mains steps : basic cell 
extraction, partition of the set of cells into rows, basic cell generation, placement - routing and 
lavout compaction. 
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Figure 3 :Tropic layout style • metal I 

Figure 3a illustrates the organization of the layout, a~ a direct abutment of cells. As shown in 
Figure 3b, each cell is divided into 5 parts : two parts dedicated to the diffusion rows for the 
transistor implementation, and three parts devoted to the routing regions. 
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The proposed layout style (Moraes 1993) is characterized by the placement of cells in 

horizontal rows, where the even rows are horizontally mirrored (Figure 3a). The main differences 
with the traditional cell based approach are : no explicit routing channel between rows, variable 
row heights, all cells are vertically transparent to the second metal layer used to vertically cross 
the cells, technology independence, and optimization of the transistor widths depending on the 
user constraints. 

The main characteristics of this layout style are as follows: 
•gate terminals of complementary transistors are imposed to share the same polysilicon 

column, this configuration avoids vertical cycles in the routing problem (the only exception is 

for the transmission-gates) ; 
•polysilicon layer connects complementary gates (vertically) ; 
•metal I layer is used for drain/source power connections (vertically) and for equipotential 

nets in the routing channel (horizontally) ; 
•meta12 layer is used for vertical connections between rows, and to connect theN and P parts 

of each cell ; 
•diffusion layer is only used horizontally for transistor implementation and neighbour 

drain/source terminals; 
•multiple contacts are used in drain/source terminals, this allows to reduce parasitic 

capacitances and resistances ; 
•orientation ofthe input/output pins of the blocks (north south, east, west), this option is very 

useful for the floor planning phase of the chip. 
Performance driven layouts are obtained through a complete automatic optimization sequence 

between independent modules as illustrated in Figure 4. The automatic generator, TROPIC, 
transforms the electrical netlist into a symbolic description, translated after technology 
interpretation and compaction procedures, PRINT (Cathebras 1990) or CADENCE compactor, 
into a layout with minimum width transistors. After layout extraction, a timing or electrical 
simulation of the macro-cell in its environment (load, input pulses, ... ) is performed (PATH 
RUNNER (Deschacht 1990), HSPICE or ELDO). A post layout sizing applied to the extracted 
electrical description generates a new netlist with optimized transistor widths, PSIZE (Azemard 
1992). Using this description, an optimized layout is generated. 
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Figure 5 illustrates the automatic implementation of the logic block structures obtained with 
the Tropic generator from an electrical netlist (SPICE FORMAT). 
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Figure 5: Layouts of logic blocks obtained with the tropic generator 

3- EXPERIMENTAL PROCEDURE 

The experimental procedure is described in Figure 6. Using the transistor level schematics (Spice 
netlist) of the logic blocks presented previously (Figures I ,2,4) we have implemented two logic 
functions: 

fl = abc+abd+acd, proposed in Singh ( 1992) 
f2 = ab + fed + fbe+bdc 
The choice of simple functions avoid a shift in the results due to the quality of the logic 

synthesis tools. Our main objective in this first study is to analyze the influence of the layout level. 
For more complex functions the results obtained at the electrical level in Singh ( 1992) can be used 
as a reference. 

As described in Figure 6, different types of transistor widths have been analyzed (W 
minimum, and W = 16 !J.m ) and the output load has been fixed to Cin and 10 Cin, where Cin 
represent the input capacitance of an inverter). After layout generation, the extracted netlist 
contains all the parasitic capacitances (diffusion, routing, ... ). 
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In order to don't overload this section, we present here some of the main results obtained with 
these experiments. As shown in the results given in Figures 7 and 8, the Mux 2/1 architecture 
exhibit the lowest delay before and after layout. The effect of the layout capacitances reverse the 
ranking between Nand gates and Mux A, Mux 4/1 gates. 
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Figure 7 : pre-layout evaluation of the delays for the logic function f2 . 
(Wn=2!J.m and Wp=4!J.m and CL=l30fF= 10 Cin) 
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Figure 8 : Post-layout evaluation of the delays for the logic function f2. 
(Wn=2J.lm and Wp=4J.lm and CL=l30fF= 10 Cin) 

The timing performances of the look up tables implementation is not as good as reported in 
Singh (1992) . One of the reason is that these modules are not optimally used in this test 
configuration. For more complex functions, the full capacity of the look up table will be used. 
However, at this level it is interesting to analyze the effect of the transistor sizing on the timing 
performances of the look up table modules, this is the object of the next part. 

4- LOOK UP TABLES OPTIMIZATION 

Transistor sizing at layout level is necessary to improve the overall performance of integrated 
circuits. Based on a local optimization defined through an explicit formulation of delays 
(Auvergne 1991), a sizing methodology has been applied to the look up table cells. We defined 
local sizing laws under the constraint of symmetrical rise and fall times for the devices 
considered. For each structure, the solutions of the sizing problem involve the determination of 
the size of the transistors of the controlling devices and the size of the N and P transistors of the 
gate under consideration. A Typical critical path is represented in Figure 8 where we separate a 
control block (Structure I) and a data block ( Structure II). The optimization strategy begins by 
the sizing of the structure II from the output (where the load capacitance CL is fixed) to the data 
inputs. The local sizing rules used for this "ANDORI" structure are given as follow (Auvergne 
1991) : 

jY ( I + 12K' ( n2-l ) ) 
XN =----~~--~------~~~------~ 

[ + ~ + 12K' [ ( n2-1 ) + ~ ( n 1-I ) ] ]t 

XP = J.ln ,/Y ( I + 12K' ( n1-1 ) ) 

f.lP [1 + ~ + 12K' [ ( n2-1 ) + ~ ( n 1-1) ] ]t 
Where: 

c 
• Y = ~ is the output load, with respect to a reference capacitance Cref = C0 xLmin W min . 

ref 
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w w 
• XN = W N , Xp = W P , represents the transistor size, with respect to a reference width. 

ref ref 
• n1 and n2 respectively represents the numbers of parallel transistors in P and N array 

1 Vee- Vr 8Vcc(Vcc- V) 
• K' = 24K v 2 • with K = 2 T where K is a slowly varying t - Vr 7Vcc2 + 4Vr - 12VccVr 
technological coefficient. 

For the 1.5!J.m CMOS process under consideration the value of these coefficients are 
Crer=4.4fF, K= 1.274 and K' = 0.049 . 

Depending on the logic level to be transmitted the structure of the look up table has been 
replaced by an equivalent "ANDORI" configuration allowing full application of the sizing 
procedure, as follows : low or high levels to be passed transform the structure in equivalent N 
or P serial arrays (Figure 10), directly sized as for general "ANDORI'' configuration (Auvergne 
1991 ). Then the P or N companion transistor is sized in the ratio of mobility of its partner 
(!J.0I!J.p=2.4 ). 

For example, as shown in Figure 9, with a given load of 130 fF the transistor width obtained 
for the transmission gates TG5, TG6, TG7, TG8, of the structure II are : WN = 5 !J.m and 
Wp=l3!J.m. 

After optimization of the structure II the input load of structure I is known (this is the input 
of inv3- node "6"- in Figure 9 ). The same backward process is applied to the array of structure 
I from the output ( here node "6" ) to the input ( node "IN" ). Figures of the resulting transistor 
sizes are given in the corresponding buble of Figure 8. 

- Critical path 

data 
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Figure 9 : Critical path for the implementation of the function I in a Look up Table 3 



132 Pan Four Logic Synthesis for Programmable Devices 

(a) "NAND3" configur•tion 

Tran mi ion of level I • 
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Figure 10 : Optimization procedure 
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As shown in Table 1, where we compared Look up Table implementations of the functions 
fl and f2 with different transbtor size alternatives, it appears clearly that sized solutions result 
in the fastest implementations of the look up table cells (up to 50% reduction of the delay). The 
comparison with the other logic block structures (Figures 11 and 12) shows that after 
optimization of the transistor widths the look up tables exhibit very good speed performances. 

func tio n! functioo2 

LTK3 LTK4 LTK6 

CL=I301F CL:900fF CL= I30fF CL:900fF CL=I301F 

IHL ILH IHL ILH IHL ILH IHL tLH IHL tLH 

Wn=l6(ml 5.40 2.20 3.96 2.25 
Wp=l6(tm 

Fixed width 
Wn" 2 (ml 5.33 3.6 
Wp=4 (tm 

3.53 2.87 5.06 4.34 

Optimizatio n o f tr.msi tor 
3.27 3.07 3.51 3.44 1.77 1.64 2.78 2.61 2.24 2.21 

w idth 

Benefits 39% 35% 50% 30% 50% 

Table 1 : Optimization results for the functions fl and f2 implemented with different look up 
tables (delays in ns) and transistor sizing alternative (minimum and constant sizes, optimized 
sizes for a given load). 
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Figure 11: delays of the function f1 (with Wn=2~tm and Wp=4~tm and CL=I30fF) and 
performance improvements of the look up table 3/4 implementation after transistor sizing 
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Figure 12: delays of the function f2 (with Wn=2~tm and Wp=4~tm and CL=l30fF) and 
performance improvements of the look up table 6 implementation after transistor sizing 

5- CONCLUSION 

We explored in this work the comparative performances of the different logic blocks used in 
FPGA mapping taking into account the layout evaluation. The main conclusion is the 
confirmation of the good performances of the look up table and multiplexer modules. A 
significant reduction in delay is obtained by optimizing the transistor widths of the look up tables. 
The use of a layout generator is of great help to evaluate architectural alternatives as well as the 
fast migration of circuits in different processes . The high regularity oft he layout style used, gives 
the possibility to parameterize the layout capacitances, allowing an accurate prediction of 
performances for logic synthesis tools. 

Selection ofFPGA structures a~ a technology management alternative for performance driven 
design is a widely opened problem. Using automatic layout generator combined to transistor 
sizing and performance evaluation we were able to compare different logic blocks unit used to 
implement FPGAs. Examples are obtained in different logic paths and compared in terms of 
speed and area. Evidence is given of LUT based high performance implementation, through the 
definition of optimal sizing for logic units. 
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