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Abstract
In this paper initially the steps involved in Physical Designing 
of Peripheral Component Interconnect (PCI) is clearly explained 
and then the effects of choosing a Utilization Factor on total wire 
length, top metal layer length, congestion and DRC violations 
have been explained. In addition, how the number of metals 
used to route between the standard cells will affect total wire 
length, number of vias, congestion and number of DRC (Design 
Rule Constraints) violations has been studied. It’s observed that 
a Utilization Factor of 0.5 to 0.6 is good when PG (Power and 
Ground) planning is done on lower metal layers and a Utilization 
factor of 0.6 to 0.7 is good when PG planning is done on higher 
metal layers. Also a minimum of 3 metal layers must be used to 
make the design routable. 
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I. Introduction
Current society would be unimaginable without electronic gadgets. 
Nowadays, nobody can imagine having no Internet, computers, 
TV, mobile phones, etc. and the trend of dependence on technology 
[2-3], is still growing. In this scheme of development, electronic 
devices are becoming more and more complex and initial Integrated 
Circuits (IC) developed in the 50s with a few transistors has grown 
to current IC with billions of transistors. This last evolution of 
ICs, the VLSI (Very Large Scale Integration) generation [2], 
demands a much more sophisticated way of designing than 
the handmade approach of the earliest ICs. There is also a big 
challenge involving the more and more “narrow” technology as 
far as CMOS  manufacturing process is concerned.
The manufacturing of a  module basically involves two phases 
first is front end which is followed by physical design [2,4], which 
is nothing but backend. Frontend involves steps like Design 
specifications, Simulation and Synthesis where as physical design 
undergoes various steps such as Floorplanning, Power Planning, 
Placement, Clocktreesynthesis [2] and Routing.            
Peripheral Component Interconnect (PCI) [3], is a Computer bus 
mainly used for attaching hardware devices in a computer. The first 
version of the PCI bus ran at 33MHz with a 32-bit bus (133MBps) 
but the current design of PCI runs at 66MHz with a 64-bit bus. The 
PCI bus operates either synchronously or asynchronously with the 
motherboard clock rate. While operating asynchronously [3] the 
bus will operate at any frequency up to the maximum (66MHz). 

Fig. 1: PCI Block Diagram

II. Physical Implementation
Various steps involved in Physical Design implementation of PCI 
is as shown in fig. 1.

Fig. 2: Physical Design Flow

A. Step I - Initialization Steps
The very first step is to specify to SOC Encounter [4] what and 
where the files are needed for the layout generation. Basically, 
the following information is needed:
 - The verilog net list we obtain from synthesis contains standard 
cells, functional I/O pads and their interconnection information 
and SDC file
-  SDC [4] file which consists of clock period, set input delays, 
set output delays, transition delays, output load
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- Timing libraries for “max”, “min” and “common” conditions, 
i.e., the information related to the best, worst and typical case (bc, 
wc and tc respectively) of the PVT conditions (Process Voltage 
Temperature).
- “Library Exchange Format” files (LEF files) containing the 
dimensions and all the physical information about the standard 
cells for the target process

B. Step II – Floor Planning
In VLSI Physical Design, floor planning [1,4,5,7] is one of first 
and most fundamental step. An important step in floor planning 
is to specify appropriate core area to place macros and standard 
cells [4] and also to decide appropriate metal layers to do Power 
and Ground planning [4]. In general floor plan can be specified in 
terms of (1) Aspect ratio (height x width) and dimensions of the 
core (2) Utilization Factor (UF) (3) In terms of die area.
Utilization [4] indicates to what amount the standard cell rows 
are filled. 100% utilization is the upper bound where all cells are 
abutted and there is no extra space, while a utilization of 50% 
means that half of the core area is empty.
PCI [3] design consists of 12 macros.
The macros are placed following Floor Plan Guidelines with the 
help of fly lines as shown in the fig. 2.

Fig. 3: Floor Plan View

C. Step III – Power Planning
Once the floor plan has been generated, the next task is to 
create the “power plan” [4-5], of the layout, which purpose is to 
correctly distribute the power supply to all the cells without IR 
drop violations.
Power Planning [8], includes rings and stripes generation, global 
net connectivity and S-Route. Rings are generated with a width 
of 20µm and spacing 2µm and Stripes [4] are generated with a 
width of 10µm and spacing of 2µm. The final Layout is as shown 
in fig. 3.

Fig. 4: PCI with Stripes and Rings        

D. Step IV – Placement
Now, the final position of the standard cells in the layout has to 
be determined. With this Aim, it is necessary to select a timing-
driven placement [4-6,10], algorithm to improve the Placement 
of instances on timing critical paths. It is also important to specify 
the buffer, inverter and delay cells footprints because we are going 
to ask SOC Encounter to perform a “pre-place optimization”. In 
this optimization [9], all the buffer, inverter and delay cells are 
deleted in order to calculate the real capacitance and resistance 
value associated to every net. With these values, SOC Encounter 
[4], can estimate the optimum driving capabilities for every cell 
to fulfil timing requirements, i.e., some cells can be “upsize” or 
“downsize” [9], depending on the requirements.

 Fig. 5: View of Placed Standard Cells

D. Step V –Clock Tree Synthesis
A properly synthesized clock [2,4] and reset tree is essential to 
achieve a functional design. The clock should be able to reach all 
the points of the design at the same time, otherwise, data from the 
past clock cycle can be used in the current cycle. 
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Fig. 6: Clock Tree Structure

The requirements for the reset are not so strict because it is 
“only” necessary that reaches all the logic within a clock cycle. 
In order to perform this task with SOC Encounter [4], a “clock 
tree specification file” has to be provided containing the synthesis 
information for every clock and reset in the design.   In clock tree 
specification file the Skew [2] is specified as 100ps and Insertion 
delay is specified as 1ns.

E. Step VI – Routing
The NanoRoute®router [4], performs concurrent signal integrity, 
timing-driven, and manufacturing aware routing (SMART 
routing) of cell, block, or mixed cell and block leveldesigns. The 
router is optimized [8-9], for routing designs with the following 
features:

More than 300K instances or nets and atleast five routing • 
layers
180 nanometer or smaller process technology• 
Signal integrity critical• 
Timing critical• 
Detailed-model (full-model) abstracts• 

There are two types of routing in the physical design process, 
global routing and detailed routing [4]. Global routing allocates 
routing resources that are used for connections. Detailed routing 
assigns routes to specific metal layers and routing tracks within 
the global routing resources.

Fig. 7: PCI After Routing

Finally, the DRC [2,4] (Design Rule Check) process has to be 
run in order to find possible layout rule violations. If there are no 
violations, the GDSII file can be extracted. Now, also the IR drop 
throughout the circuit can be performed.

III. Reports
All the Experiments were performed on Cadence® Soc-Encounter 
RTL-to-GDS II system.

A. Utilization vs. Various metal lengths
As the PG planning is done on M5 and M6, the tool does majority 
of the routing [4] on lower layers and as the routing is done on 
lower layers, complex de-tour routing is not needed between the 
cells. As UF increases to 0.4, the separation between cells also 
increases, therefore longer routes are done (on M2 and M3). For 
UF of 0.3 and beyond, even though the tool has a lot of space to 
place the cells and route between them, it prefers not to do so, to 
meet timing [8].

Fig. 8: Utilization vs. Various Metal Lengths

B. Utilization vs. Congestion
As the UF decreases, congestion [5] decreases as we have more 
space i.e. more G cells to route.

Fig. 9: Utilization vs. Congestion
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After UF = 0.3 the congestion slightly increases because, even 
though the tool has a lot of space to place the cells and route 
between them, it prefers not to do so, to meet timing.

C. Utilization vs. Time to Perform PNR
As PG planning [5], is done on higher metal layers and as there 
are no DRC violations the tool can place and route the standard 
cells very easily.

Fig. 10: Utilization vs. time to perfo -rm PNR   

D. No. of metals vs. Congestion

Fig. 11: No. of Metals vs. Congestion

Layers increase, the number of available routing tracks [2,4]
available also increase, as a result the congestion From fig. 11, 
it can be observed that with fewer numbers of metals the tool 
has less number of routing tracks to route between all the cells, 
therefore more is the congestion [5] and as the number of metal 
decreases.

E. Utilization vs. Vias on Various Metals
From fig. we see that maximum numbers of vias are laid on M1 
and M2, this shows that the tool gives more priority to lower 
layers for routing.

Fig. 12: Utilization vs. Vias on Various Metals

IV. Conclusion
Choosing an appropriate Utilization Factor, PG planning with 
appropriate metals and sufficient number of metals to route 
between the standard cells is very important.From graphs it is 
concluded that utilization at 0.7 Results in good floorplanning 
and provides feasible routing for PCI data.
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