12C Considered Wasteful

Saving Energy with Host-Controlled Pull-Up Resistors
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VCC Issue: Always-on pull-up resistors waste energy
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Possible Remedy: Connect pull-ups to bus
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|°C Basics I°C Implementations
“Inter-Integrated Circuit bus”: popular interface for communication be- Software 12C:
tween system components » Microcontroller sets SDA/SCL manually
« Two bi-directional wires: SDA (data), SCL (clock) . > 18 wake-ups per data byte
« Standard mode: up to 100 kHz pro_vided by bus master . Expensive (wakeup / CPU active time costs energy)
» Transmission: 7-bit address + R/W bit + n data bytes Hardware I2C:
* Ninth clock cycle atter each byte: Ack/Nak  Hardware module handles protocol autonomously
» Pull-up resistors: “1” = do nothing, “0” = connect to 0V .~ 1 wakeup per data byte
— Each "0 wastes energy in pull-up » More efficient, but not always available

Transmission Cost

Evaluation: Software 1°C
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Saving Energy  Simple adjustment: Toggle pull-up when toggling SDA/SCL

« Overhead: few CPU cycles
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» Pull-up control is transparent to slave devices =nergy per fransmission [
» Does not violate 1°C specification * Protocol implemented in hardware
Requirements:  Can only be altered at hardware design stage, e.g. I°C(?)
» Two additional master output pins » Conventional HW 1%C is more efficient than optimized SW 12C
» Adjusted I°C implementation « Exception: Bus clock below 3 to 10 kHz
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