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1. Background1. Background

4. Conclusion

2. Wire Length Distribution Model  (WLD)

Increase of the number of IP...

It is difficult to decide floorplan.
We assumed simple and complex circuit models.

2. Wire Length Distribution Model  (WLD)

3. Results

Future work   ---  To consider the influence of VIA and to simulate real cell placement.

Area allocation of macro blocks inside SoC is important.
>>> The area of circuit which have large number of gate must be expanded to reduce power consumption.

This proposed model can derive 
the wire length connecting macro cells.

3. Results

4. Conclusion

The WLD of the chip is derived based on the empirical Rent's rule.
Rent's rule
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Counting method of number of interconnects

Block-C has the distance l from Block-A.
Block-B has the distance less than l.

Count the number of I/O pins connecting
                           Block-A to Block-C (TAtoC).

Step 1

Step 2

Step 3
Apply Step1,2 to all the gates of a circuit

In recent years, a lot of system LSIs are designed.

LSI design based on IP (Intellectual Properties)

DRAM

MPU

DSP
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1. Manufacturing cost is reduced.
2. Design time is reduced.

Development of circuit as a component of
a SoC (System on a Chip).

Deciding area allocation of IP is important.
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Wire Length Distribution Model Considering Core Utilization for SoC

SoC

Conventional SoC model
without core utilization [3]

Conventional model
without core utilization [1]
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Mono-functional model
with core utilization [2]

Inside macro blocks total WLD
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Complex circuit Simple circuit
Macro A Macro B

Core Utilization is changed.

Core Utilization U1
Rent’s parameters p1 , k1

Core Utilization U2
Rent’s parameters p2 , k  2

Chip model

・These macros have the
   same number of gate.
・Chip has 2 macro blocks.
・Total chip area is fixed.
・Area of complex circuit is changed.
・Area of Macro B is decided automatically.

The derivation flow of proposed WLD model

directly related to manufacturing cost

trade-off between circuit area and number of layers 

Core Utilization increases...

Core Utilization is decreased too much,
chip performance is degraded.

Chip Area decreases...

chip layout

Because line-to-line capacitance become large too much. 

Core Utilization increases...

Circuit area decreases.
→  RC interconnect delay changes.

We propose the optimized 
floorplan of SoC considering 
the interconnect length.

Circuit performance depends 
on long interconnects between 
macro cells.

SoC has many macro IPs.

In the recent technology, interconnect delay
determines the circuit performance.
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Interconnect Length
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Trade-Off

We use Wire Length Distribution model
to estimate resistance and capacitance.

How to change circuit area of IP...

Analytical Exprssion of WLD
Analytical Expression of WLD[1]

WLD model of each macro blocks [2]

WLD model of inter-macro wires [3]
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New model : Considers location of gate, 
                     size of gate, and position of pin. 

hs

A) Conventional model (B) Actual layout( (

Utilization =50%

N
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・In the conventional model, gate is assumed 
	 to have the same area and arranged uniformly.

・In the actual layout, gate is arranged in 
   random size and position.
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Algorithm to count 
the number of pins.
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Number of pins going out from Blocks (A +B+C)TABC =

Block-A

N

Block-B

Macro-1

Block-C

Macro-2

Block-C has the distance l from Block-A.
Block-B has the distance less than l.

Count the number of I/O pins connecting
                           Block-A to Block-C (TAtoC).

Step 1

Step 2

Step 3
Apply Step1,2 to all the gates of a circuit

Gate is arranged in random size and position.
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Simulation Result

Operating Frequency has less effect
as the number of gate increases.

Power Consumption is reduced as the
circuit area of complex circuit is increased.

Operating Frequency is determined by the slowest circuit.

Area of macro block must be large as long as operating frequency is not violated. 
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Circuit area has large impact on performance[2]

WLD for SoC
We must consider
              inter-macro wires
                          +
each core utilization of macro blocks

We propose a new model considering
both effect.

l Global layer is used to connect macro 
blocks

l Gate size of repeaters is optimized*.

* H. B. Bakoglu et. al., "Circuits, Interconnections, and Packaging for VLSI", (1990)

Assumption

10, 000 gate 1 million gate

The number of gates increases,

The operating frequency is limited by
that of Macro A.

Operating frequency has less effect.

The number of gates increases,

Complex circuit area (Macro A) 
must be expanded to reduce total
power consumption.
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