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Motivation - Solutions Used so far

€ Separation of digital and analog function.

¢ Shielding.

@ Separation of power supply, grounds, bonding wires, etc.

€ Contacts to the substrates with clean power supply lines (e.g. to avoid latch up).
¢ Fully differential analog circuits, low slew rate digital cells.

€ Reductions of cross-talk



Motivation - Summary

€ Market issues - the reduction of price means reduction of the number of
chips used in portable electronics, so we need mixed circuits.

@ Technological issues - Tox requires reduction of power supply voltage.

€ Mixed Analog/Digital circuit issues - They have to respond to the new
aggressive design goals.

We propose to implement digital techniques that reduce the so
called "digital switching noise", together with the entire arsenal of
solutions used so far.




Definitions - Digital Switching Noise

V eff
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Definitions - Static Characteristics

Output [V]

Inverter Static Characteristics



Results - CSL Inverter Static Characteristics
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Results - Static Characteristics Validation

€ Ouput highlogic leve
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The smaller the Gv the smaller can be the power supply voltage




Results - Static Characteristics Validation

€ Lowlogiclevel noise margin NMy, NM [V]
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Results - Random Error Effectsin CSL Inverter
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Results - Second Order Analysis

¢ Variance of NM,, considering V,, and

V,, non correlated

s*(dNM ;) =s2(dVEy, ) + s2(AViey ) +

€ Example of application
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The final noise margin should be positive.




Definitions - Dynamic Characteristics
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The input signal applied (red curve) is a step.



Results - CSL Dynamic Characteristics
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Results - CSL Dynamic Characteristics
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Results - Propagation Time Validation

tp [s] tp [s]
1.5E-9 2.5E-9 [
2.0E-9 >
1.0E-9 | I
1.5E-9 r
L 1.0E-9 i —e— Measured
5.0E-10 r i —— Simulated
—e—C.aIcuIated 5 0E-10 r
—o— Simulated i
0.0E+( ‘it il 0.0E+0 I T S SR
2 3 4 5 6 Vdd 2 3 4 5 6

O
V
| v M ¢ ouT
LOGIC
¢IDIODE LOAD




Results - Current Spike Validation
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Results - CSL NAND and NOR Functions

€ More complex digita functions
replacing M, by associations of transistor
(serie/pardlédl).
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Results - FSCL Logic Family
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Results - FSCL Inverter Static Characteristics

Vo Vou, Vi [V]

€ Ouput highlogic leve
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Results -FSCL Second Order Analysis
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Results -FSCL Second Order Analysis

.
&l n>ngP / RP 9 , 80, O
(dDV 9 b >(1 X 5 gbRP ﬂ+
R MYMee Do (. &ngP
gz" b oo % b, )(1 1 X)ﬂ (dVTop)>% | o @ *




Results -FSCL Second Order Analysis
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Results - FSCL Inverter Dynamic
Characteristics
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Results - FSCL Inverter Propagation Times
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Results - FSCL Inverter Propagation Delay
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Results - FSCL Current Spike

The resultant current spike Is zero.




Results - Comparison CSL x FSCL
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Results - Dynamic Comparison CSL x FSCL
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Results - Power Consumption Comparison
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Under high switching activity condition, there exist a breakpoint where
CSL consumes |ess power than the std static logic.




Results - Comparison of Noise Generation
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Results - Measurements of Switching Noise
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Results - CSL Cell Library

Nor One bit full adder

€ CSL library isready for atop-down design flow.
¢ Layout of basic CMOS static gates is smaller than the CSL.

€ When the number of inputs and the complexity of gates increase,
CSL area becomes comparable.



Conclusions

*The reduction of switching noise in mixed-mode circuits can be
obtained using current steering logic.

*The achieved procedure of design and the used design flow for the
CSL logic demonstrate that this approach is ready for industrial
applications.

Power downing techniques and logic architectures with high
switching activities are suitable for CSL power consumption.



