I2C read timing considerations for the TSC2007
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The above waveform shows a X conversion command (0x90+0xC0) and command for reading out data (0x91). The MSB for the X-position data is available at time ⓒ. The following paragraphs explain the reason for this behavior and how to avoid reading out wrong data in a system which is not able to handle clock stretching.
The TSC2007 uses an internal oscillator as ADC conversion clock. The frequency varies depending on process, temperature and supply voltage. In the data sheet on page 11 the figures 16, 17, and 18 show typical curves for the internal oscillator’s behavior over temperature and different voltages. The frequencies shown in these figures will be used for 8 bit ADC conversions (8-bit conversion information, see data sheet page 18). In case of a 12 bit ADC conversion the internal oscillator frequency is divided into half to increase the ADC precision. 

The TSC2007 performs preprocessing using a median value and averaging filter (see data sheet page 20) before sending out X/Y data to the host. In I2C communication, a host generates SCL clock. However, there is an instant when the slave is allowed to pull SCL low (called “clock stretching”) to complete the operation before sending out data to the host. 
The slave can only pull SCL low after receiving a read command (i.e. 0x91) and sending out the acknowledge (ack). In the above waveform this behavior is shown starting at “d” until ⓒ. After SCL is released by the TSC2007, SCL will be pulled high by the external I2C system pull up resistor and the host can continue to send in SCL clocks to read out the conversion data. 
If an I2C host controller is not able to be configured to handle this SCL stretching scheme, wrong data is collected. That means if the host continues to generate SCL clocks for reading out data from the TSC2007 device, the host will read wrong data, because the TSC2007 is not sending out any data (see above waveform: SDA = high). 
On page 28 of the data sheet more detailed information can be found regarding the time it takes to complete the conversions and throughput rates. For example to generate a X-conversion result in 12-Bit mode it takes 148 internal clock cycles. At room temperature and 1.8V supply a typical internal clock frequency is 3.66MHz (=273ns) for 8-Bit conversions. For 12-Bit conversions the frequency has to be divided by 2 or the period multiplied by 2 (273ns*2). With these numbers the conversion time will be: 148*(273ns*2) = 92.5us (ⓑ). 

For example again: TSC2007 has 3.8Mhz clock frequency at 3V and room temperature. The calculated ⓑ-value for the TSC2007 would be: 77.9us

At final test we verify the internal oscillator looking at the SCL stretching time period (ⓑ) at room temperature, using 1.8V supply and 8-Bit conversion. The allowed minimum clock frequency is 2.9Mhz. Using the above calculations (worst case at 1.8V and room temperature) ⓑ would be : 148*(345ns*2) = 102.1us. The internal oscillator does not change much over temperature (<5%). Adding 5% on top would mean: 107.2us. 
For a 3V supply and 12-Bit conversion the calculations would be as following:

The minimum clock frequency increase between 1.8V and 3V is: >3%
Worst case ⓑ-value for 3V supply would be: 148*((345ns*0.971.8V->3V)*2)*1.05TEMP = 104us.
Recommendations : 

1. Use host controller which can handle SCL clock stretching.
2. To avoid this problem for a 3V TSC2007 supply and 12-Bit conversion mode, the time interval ⓑ (starting from a stop condition of the write command until the ACK of the read command or starting from a repeat start condition of the read command until the ACK of the read command) should be programmed to be over 104usec. The following list describes different options how to achieve that delay:
a. Increase the waiting time ⓐ if the write command ended with a stop condition, or
b. Reduce the SCL clock frequency during all communications, or
c. Reduce SCL clock frequency only for the read command.
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