Table 9. Characteristics of the SDA and SCL I/O stages
n/a = not applicable.

Symbol |Parameter Conditions Standard-mode Fast-mode Fast-mode Plus Unit
Min Max Min Max Min Max
ViL LOW-level input voltagel™l -0.5 0.3Vpp 05 0.3Vop -05 0.3Vpp |V
Vi HIGH-level input voltage[ll 0.7Voo = 0.7Voo ] 0.7Vpplll 2 v
Vhys hysteresis of Schmitt trigger inputs - - 0.05Vpp - 0.05Vpp - \
Vou LOW-level output voltage 1 (open-drain or open-collector) 0 04 0 04 0 04 A
at 3 mA sink current;
Voo=2V
VoL LOW-level output voltage 2 (open-drain or open-collector) - - 0 0.2Vpp 0 0.2Vpp |V
at 2 mA sink currentl3l;
Vopp=2V
loL LOW-level output current VoL=04V 3 - 3 - 20 - mA
VoL = 0.6 V4 - - 6 - - - mA
tof output fall time from Vi4min - 250 20 x 2501 20 x 12000 |ns
to ViLmax (Vop/ 5.5 VBl (Vpp / 5.5 V)8l
tsp pulse width of spikes that must be - - 0 5018 0 508 |ns
suppressed by the input filter
I input current each 1/0 pin 0.1Vop < V) < 0.9Vopmax -10 +10 —106! +10E! —106 +10E A
Ci capacitance for each 1/0 pin[12 - 10 - 10 - 10 pF

[1] Some legacy Standard-mode devices had fixed input levels of V,. = 1.5V and V4 = 3.0 V. Refer to component data sheets.

[2] Maximum Viy = Vopimaxy + 0.5 V or 5.5V, which ever is lower. See component data sheets.

[3] The same resistor value to drive 3 mA at 3.0 V Vpp provides the same RC time constant when using <2 V Vpp with a smaller current draw.

[4] Inorder to drive full bus load at 400 kHz, 6 mA lo, is required at 0.6 V Vg, Parts not meeting this specification can still function, but not at 400 kHz and 400 pF.

[5] The maximum t; for the SDA and SCL bus lines quoted in Table 10 (300 ns) is lenger than the specified maximum t_ for the output stages (250 ns). This allows series protection
resistors (R;) to be connected between the SDA/SCL pins and the SDA/SCL bus lines as shown in Figure 45 without exceeding the maximum specified t.

[6] Necessary to be backwards compatible with Fast-mode.

[71 InFast-mode Plus, fall time is specified the same for both output stage and bus timing. I series resistors are used, designers should allow for this when considering bus timing.
[8] Input filters on the SDA and SCL inputs suppress noise spikes of less than 50 ns.

[9] IfVpp is switched off, I/O pins of Fast-mode and Fast-mode Plus devices must not obstruct the SDA and SCL lines.

[10] Special purpose devices such as multiplexers and switches may exceed this capacitance because they connect multiple paths together.



Table 10. Characteristics of the SDA and SCL bus lines for Standard, Fast, and Fast-mode Plus 12C-bus devices[l]

Symbol Parameter Conditions Standard-mode Fast-mode Fast-mode Plus Unit
Min Max Min Max Min Max
facL SCL clock frequency 0 100 0 400 0 1000 |kHz
tho:sTA hold time {repeated) START condition |After this period, the first 4.0 - 06 - 0.26 - us
clock pulse is generated.
tLow LOW period of the SCL clock 47 - 1.3 - 05 - us
tHiGH HIGH period of the SCL clock 4.0 - 06 - 0.26 - us
tsu:sTA set-up time for a repeated START 47 - 06 - 0.26 - us
condition
tHDDAT data hold timel2 CBUS compatible masters 5.0 - - - - - us
(see Remark in Section 4.1)
12C-bus devices HIE] i) o3 M 0 - us
tauDAT data set-up time 250 - 100 - 50 - ns
tr rise time of both SDA and SCL signals - 1000 20 300 - 120 ns
tr fall time of both SDA and SCL - 300 20 x 300 20 x 12081 |ns
signalsEIEITIE] (Vpp/55V) (Vpp / 5.5 V)IEl
tsu-sTo set-up time for STOP condition 40 - 06 - 0.26 - us
tBUF bus free time between a STOP and 47 - 1.3 - 05 - us
START condition
Cp capacitive load for each bus linel1% - 400 - 400 - 550 |pF
tyD:DAT data valid timel!1l - 3.4504 - 0.9# - 0.45H |us
tvD-ACK data valid acknowledge timel12l - 3.45M - 0.941 - 0.45M |us
Vi noise margin at the LOW level for each connected device 0.1Vpp - 0.1Vpp - 0.1Vpp - Vv
(including hysteresis)
Viy noise margin at the HIGH level for each connected device 0.2Vpp - 0.2Vpp - 0.2Vpop - "
(including hysteresis)

[1] Al values referred to Vi min (0-3Vpp) @nd Vi may (0.7Vpp) levels (see Table 9).
[2] tup.par is the data hold time that is measured from the falling edge of SCL, applies to data in fransmission and the acknowledge.

[3] Adevice must intemnally provide a hold time of at least 300 ns for the SDA signal (with respect to the Vjmin Of the SCL signal) to bridge the undefined region of the falling edge of
SCL.

[4] The maximum typ.par could be 3.45 ps and 0.9 ps for Standard-mode and Fast-mode, but must be less than the maximum of typ.par O typ.ack by a transition time. This maximum
must only be met if the device does not stretch the LOW period (i ow) of the SCL signal. If the clock stretches the SCL, the data must be valid by the set-up time before it releases
the clock.




[5] A Fast-mode I2C-bus device can be used in a Standard-mode 12C-bus system, but the requirement tsy.car 250 ns must then be met. This will automatically be the case if the
device does not stretch the LOW period of the SCL signal. If such a device does stretch the LOW period of the SCL signal, it must cutput the next data bit to the SDA line
timax) + tzupar = 1000 + 250 = 1250 ns (according to the Standard-mode I1°C-bus specification) before the SCL line is released. Also the acknowledge timing must meet this
set-up time.

[6] If mixed with Hs-mode devices, faster fall times according to Table 10 are allowed.

[7]1 The maximum {; for the SDA and SCL bus lines is specified at 300 ns. The maximum fall time for the SDA output stage t: is specified at 250 ns. This allows series protection
resistors to be connected in between the SDA and the SCL pins and the SDA/SCL bus lines without exceeding the maximum specified .

[8] In Fast-mode Plus, fall time is specified the same for both output stage and bus timing. I series resistors are used, designers should allow for this when considering bus timing.
[9] Necessary to be backwards compatible to Fast-mode.

[10] The maximum bus capacitance allowable may vary from this value depending on the actual operating voltage and frequency of the application. Section 7.2 discusses techniques
for coping with higher bus capacitances.

[11] typpar = time for data signal from SCL LOW to SDA output (HIGH or LOW, depending on which one is worse).
[12] typ.ack = time for Acknowledgement signal from SCL LOW to SDA output (HIGH or LOW, depending on which one is worse).
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Fig 38. Definition of timing for F/S-mode devices on the I2C-bus




