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Challenges in global Communication…

Shrinking feature size
Increasing die sizes,
Scaling of supply voltage
Increasing interconnect density
Fast clock rates

Global wires suffer from 

Delay Problems
Power Problems
Reliability Problems
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Interconnect Capacitance
Interconnects in deep sub-micron technologies are typically very lossy so that 
the RC delay dominates. To keep the resistance to a minimum the aspect ratio 
(height/width) of wires is kept high.

Majority of Interconnect capacitance is side-capacitance and hence Cross-talk 

Inter-wire 
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dominate

Inter-wire 
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significant

Inter-wire 
capacitance not so 
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Adapted from: Sequence Design Inc.

effect becomes more important.

Effects of crosstalk 
1. Couples Noise on Victim
2. Affects to the signal speed (crosstalk-induced delay or Dynamic Delay)
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Effective Capacitance depends on Activity
The effective interconnect capacitance can be written down as: 

where SF = {0,2}  

cseff CSFCC ⋅+=

Source: ’Down to the Wire’, Cadence

±30% ±80%

0=SF

2=SF
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Repeater Insertion for Delay Reduction
Widely used method for delay reduction …

l

l

0.4rcl2

ls

delaytd = (tdrv+ 0.4rcl2)

ls ls

repeaters

td = (l/ls)(tb+ 0.4rcls2) tb=0.7(R/h)(hCo+hCg+cl)+0.7rlhCg

Adverse effect of repeater insertion: Increased Power Consumption.
50% of dynamic power consumption of a microprocessor is due to interconnects. 
– And in 5 years, interconnect power will reach 80% of the total
– Global signal lines account for 34% of this power.
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Other ways for delay reduction …
Alternative to Repeater Insertion
– Trasient Sensitive Trigger, Charge Recycling Technique, Booster, TAGS 

reciever, Aggressor-Aware repeater
– Use skewed inverters, consume more energy, occupy a large area

Error Control or Trasition Coding
– Complex CODEC circuitry causes additional delay and consumes more 

power
Introducing additional delay between wires to reduce Dynamic Delay 
– Dissipates more power for transitions in the same direction

Advantage of the repeater circuit proposed in this work:
– Energy Saving
– Delay Equalization
– A clear design methodology similar to traditional repeater insertion

with minor increase in Circuit Complexity.
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Switching Activities for Two Coupled Nets
16 possible patterns can be identified and they are categorized into five different groups, 
given below:

To ensure error-free operation, timing constraints have to be satisfied for the switching 
patterns 15 and 16. The worst-case switching pattern.
But, this pattern occurs only twice out of 16 patterns.
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Our Adaptive Smart Repeater Concept

Assistant Driver

Main Driver

Hm Hm

HaHa

With a traditional repeater, the drive strength is static and hence there 
is a variation of delay depending on the switching pattern.
In our work, the drive strength is dynamically altered depending on the 
relative bit pattern.

Assistant Driver (Size Ha)

Main Driver (Size Hm)

With the worst-case drive strength is large, and with the best-case 
drive strength   is less.
This cause to a less variation of delay!!!
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Energy Saving with the SMART driver
The energy dissipation per cycle depends on whether or not switching transitions occur, and 
on the relative swithing pattern. A switching transfer is a probabilistic event.
Average energy dissipation for wire i with tranditional repeater is:

( ) ( ) ( ) ( )[ ]ctradwooctradwetradwectradwssDD
trad
avg CCpCCpCpCCpViE 75.125.05.0 _,_0,_1,_, ++++++=

Where, px,y is the probability that wires i,j switch as defined below: (s,s) - both wires switch in same direction; (e,0) - wire 
i switches up or down while wire j is quiet at 0; (e,0) wire i switches up or down while wire j is quiet at 1; (o,o) - both 
wires switch in different directions.

So,

( ) ( ) ( )[ ]cooesstradwooeessDD
trad
avg CpppCppppViE ,0,,_,0,1,, 75.125.05.0 ++++++=

( ) ( ) ( )[ ]cooesstradwoosmartweessDD
smart
avg CpppCpCpppViE ,0,,_,_0,1,,

2 75.125.05.0 ++++++=

Average energy dissipation for wire i with SMART driver is:

Hence,

( )( )smartwtradweessDD CCpppVE __0,1,,
25.0 −++=∆
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Energy Saving with the SMART driver
Substituting                                          and       we get:( )minmin_ dgtstradw CCHCC ++= minmin_ gmdtssmartw CHCHCC ++=

2
min1,0,, )(

2 DDgeess
a VCpppHE ++=∆

If the switching events are random uniformly distributed events with no corelations between 
neighbouring lines

With the same worst-case delay as a traditional driver. 

2
min16

3
DDgaavg VCHE =∆
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Design Methodology: Delay Modeling
Repeater Modeling: Bakoglu and Meindl ( 1985) used a linearized repeater model as a 
combination of resistor and capacitor which scale linearly with size.
We included the drain diffusion capacitance as well.

Rdmin

Cdmin
Cgmin

Delay Model for the SMART driver
Switch S, is controlled by a logic 
circuit which determines the 
switching pattern. 
– For the worst-case, S is Closed.
– For the best-case, S is open 

SS

R_w,C_s

H_aC_dmin

R_{dmin}/H_a

H_mC_dmin H_mC_gmin

H_aC_gmin

lambda C_c
R_{dmin}/H_m
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Design Methodology
Delay Analysis with both Drivers Switching (for the worst-case Switching Pattern)

50% delay for the wire is therefore:

where
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Design Methodology
So, TMA can be simplified into

where

Similarly, when the Assistant is quiet, 
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Optimum Buffer Sizes
We obtained optimal (Hm+Ha) and k, by derivating TMA

To find values of Hm and Ha seperately, TM is differentiated w.r.t Hm and equated 
to zero.

So, when 
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Delay Balancing – the key technique
SMART driver saves energy by reducing the capacitive load for certain switching 
combinations.
The driver is essentially slower for the switching combinations that give rise to a 
lower capacitive load, and hence reduces Jitter.
Evaluate Ha such that 0=− MMA TT

With low Ceff

With high Ceff
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Discussion and Conclusion

Theoritically, this new driver technique will save 15% of 
Energy, and jitter reduction is 18%.
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Propagation Delay for Different Patterns
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Propagation Delay with Delay Balancing
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In progress - Circuit Level Implementation

Selection Logic

AggVictimY +=

AggVictimX ⋅=

pwselectordrvsmrt ttdtd <<)max( _
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Thank you !


