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This application note discusses how to ensure full compliance with the I2C-bus specification when the bus has high
capacitive loading.
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I2C Signaling Rates
2

Cypress devices with I C ports are optimized to work in common electrical environments and bus conditions. They
2
2
are typically configured as master or slave to communicate through the I C-bus. The current version of the I C-bus
specification requires devices to comply with different waveform timings across multiple signaling rates:




2

100 kbps in Standard mode
400 kbps in Fast mode
1 Mbps in Fast-mode Plus

Possible I2C Issues

2

Figure 1. I C Data Hold Time (tHD;DAT)
While Cypress devices are designed for compliance with the
2
I C-bus specification, if your system operates at or near the
2
extreme limits of the I C specification, parts of the timing should
be verified to ensure it performs correctly.
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One issue is a system with a clock line (SCL) with fall time (tf)
2
2
close to the I C maximum of 300 ns. The I C-bus specification
defines the data hold time parameter (tHD;DAT) as shown in
Figure 1.
70%

The key things that must be understood about tHD;DAT are:

SDA



The parameter is defined as a property of signals on the
external bus, not as a property of signals inside a device.



The parameter is defined from the low-threshold end of the
falling edge of SCL (VIL = 30% of VDD), to the start of the
falling or rising edge of SDA (70% or 30% of VDD).



Any device on the bus must guarantee that t HD;DAT > 0 ns across the entire range of allowable rise and fall times
for SCL and SDA.

30%

tHD;DAT

2

This final statement is important and the I C-bus specification contains a footnote (on p.48) specifically addressing
the topic:
“A device must internally provide a hold time of at least 300 ns for the SDA signal (with respect to the VIH(min)
of the SCL signal) to bridge the undefined region of the falling edge of SCL.”
Let us clarify what this means and why it must be checked in your system to ensure there are no issues.
The footnote in the specification means you must guarantee that tHD;DAT is always greater than 0 ns when the SCL fall
time (tf) is near its maximum value. Furthermore, it requires the device that drives SDA to begin driving at least t f(max)
after SCL began falling. Since tf(max) is 300 ns for Standard and Fast mode, the footnote quotes that particular time. A
smaller time is required for Fast-mode Plus. The question you need to answer for your system is whether the
tHD;DAT > 0 ns condition is violated when SCL falls slowly.
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I2C Logic Levels and Timing Corner Cases
To answer this question, let us look at how the logic levels are
2
defined in the I C-bus specification. Per that specification, an
external signal is at logic „1‟ when it is at or above 70% of the
supply (VDD) level, and logic „0‟ when it is at or below 30% of
the supply level. These definitions leave the region between
30% and 70% undefined.
In reality, an input buffer switches from a „1‟ to a „0‟
somewhere in this undefined region which varies with signal
slew rate and hysteresis in the buffer. This can create an
issue in a very specific situation.
Consider that a slave responds (with acknowledge or data
bits) on SDA to the master‟s SCL. If the SCL fall time is large
(near maximum), it is possible that the slave recognizes SDA
as being „LOW‟ (logic-0) long before it reaches 30% of VDD. If
the SDA rise or fall time is very short, it can be asserted
before SCL passes the 30% threshold and potentially
corrupting the data transfer (see Figure 2).

Figure 2. Data Corruption When tHD;DAT < 0
Transition
1 to 0

SCL

30%

70%

SDA
30%

Note that tHD;DAT is a bus overall timing and is determined by
many factors such as input switching thresholds of the ICs on
the bus, the number of devices on the bus, the capacitive
loading of the devices, and the physical dimensions and
length of the bus traces.

tHD;DAT < 0

This condition is rare in most system for the following reasons:

4




Portable devices often use Fast-mode Plus (1 Mbit/s) to save power, which has a minimum tf of 120 ns.



This situation can only occur when the I C-bus is heavily loaded and there is a significant difference in drive
strength between master (weak) and slave (strong).

2

2

I C-buses typically use a small number of ICs and short printed circuit traces. Therefore, the I C bus is rarely
loaded and the expected transition time tf is often 25 ns or less.
2

Solution
2

If your system uses I C, it is good practice to measure the rise and fall times of SCL and SDA to determine if your
system is in this corner condition. Measure the fall time of SCL from the master to ensure it is not close to the
maximum allowed value. If the fall time is less than 50% of the specified limit, then there should be margin to avoid a
violation of the tHD;DAT > 0 ns condition. When measuring, be sure to follow established probing practices for fast
edges to avoid getting erroneous results. If the SCL fall time is close to the allowed maximum, possible solutions are
to





increase the SDA rise and fall time by adding capacitance from the SDA line to ground
Increase the SDA rise time by increasing the resistance of the buss pull-up resistor
Increase the SDA fall time by changing the GPIO drive mode

When making any of these changes, also ensure that they do not negatively impact the timing compliance of the
2
other devices on the I C bus.
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