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(57) Abréegée/Abstract:

A method of operating an 12C slave having an [2C clock pin and an 12C data pin Is disclosed. The method includes (a) receiving a
command via the [2C clock pin and the 12C data pin, (b) driving the 12C data pin to logic low for a first duration, (¢) not driving the
I2C data pin to logic low for a second duration, and (d) repeatingly alternating (b) and (c¢) until a termination event occurs, (b) and
(c) are not synchronized to transitions of the [2C clock pin. Other methods and systems are disclosed.
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(57) Abstract: A method of operating an I2C slave having an I2C clock pin and an I2C data pin 1s disclosed. The method mncludes
(a) receiving a command via the I2C clock pin and the I2C data pin, (b) driving the I2C data pin to logic low for a first duration, (c)

not driving the I2C data pin to logic low for a second duration, and (d) repeatingly alternating (b) and (c) until a termination event
o occurs, (b) and (¢) are not synchronized to transitions of the I2C clock pin. Other methods and systems are disclosed.
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SYSTEMS AND METHODS FOR ASYNCHRONOUS TOGGLING OF 12C DATA LINE

CROSS REFERENCES TO RELATED APPLICATIONS

LY None.

BACKGROUND

GO0 i. Field of the Disclosure

{0003 The present disclosure relates generally to integrated circuit interface

protocols and more particularly to Inter-Integrated Circuit (12C) serial communication.

RHEIEY 2. Description of the Related Art
| OGS There exast a number of integrated circuit mnterface protocols in which a

aster communicates with a slave device over a serial bus. Interface protocol 12 1s an
exemplary interface protocol in which a master communicates with one or more slave devices
over a shared senal bus. The master inifiates communications with slaves. Thus, the slave
cannot commumcate with the master to, for example, wake the master from a low-power

sleep mode.
SUMMARY

| GOUG] The invention, i one torm thereol, 18 directed to an I2C slave having an 12C
ciock pin and an {2C data pin. The {2 slave 1s configured {0 receive a command at the 12C
clock pin and the 12€ data pin and in response repeatedly toggle the 12( data pin until the
12C slave detects the occurrence of a terounation event. The togghing 1s asynchronous to the

12 clock pin.

{GG07 | The mnvention, 1n another form thereof, 1s directed to an 12 slave having a
power pin, an 12€ clock pin, and an 12€ data pin. The 12C slave 1s configured to be powered
via the power pin and to recerve a command transmitted via 120 using the [2C clock pin and
the 120 data pin then repeatedly toggle the 120 data pin untii the power pin 1s de-energized.

the togeling 1s asynchronous to the 12 clock pin.

{OB0B ] The mvention, in vet another form thereot, 1s directed to a method of operating
an [2C slave having an 120 clock pin and an F2{ data pin. The method includes (a) receiving

a command via the 120 clock pin and the 12 data pin, (b} driving the I2{ data pin to logic



CA 029747734 201'7-07-21

WO 2016/196118 PCT/US2016/034087

low for a first duration, (¢} not driving the 12 data pin to logic low tor a second duration,
and (d) repeatingly alternating (b) and (¢) until a termination event occurs. (b} and (¢} are not

synchronized to transifions of the 12{ clock pin.

| BOUY ] The inveniion, in another {form thereof, is directed to an {2C device having an
12C clock pin, an 120 data pin, and an input pin. The 120 device 1s conhigured to respond (o
receiving an {2 command wvia the 120 clock pin and the 12 data pin by allernating between
driving the [2C data pin to logic low and not driving the {2 data pin to logic low uniil the
12€ device detects a termunation event. The alternating 15 not synchronized to transitions of

the 12C clock pin.
BRIEF DESCRIPTION OF THE DRAWINGS

{BG10] The accompanying drawings incorporated in and forming a part of the
spectiication, 1Hustrate several aspects of the present disclosure, and together with the

description serve to explain the principles of the present disclosure.

Ly Figure 115 a signal-timing diagram of an I2€ commumication.

{012 ] Figure 2 15 a signal-timing diagram according to one aspect of the present
disclosure.

LHIZRY Figure 3 1s a schematic diagram according to another aspect of the present
disclosure.

{0014 Figure 4 1s a flowchart of a method of operating an 12 slave device according

to another aspect of the present disclosure.
DETAILED DESCRIPTION

LU Y in the following description, reference 1s made to the accompanying drawings
where ike numerals represent like elements. The embodiments are described 1n sulficient
detail to enable those skilled in the art to practice the present disclosure. It is to be
understood that other embodiments may be utilized and that process, electrical, and
mechanical changes, etc., may be made without departing {rom the scope of the present
disclosure. Examples merely typily possible variations. Portions and features of some
embodiments may be included m or substituted for those of others. The following
description, therefore, 1s not to be taken in a limiting sense and the scope of the present

disclosure 1s defined only by the appended claims and their equivalents.
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{B0I6] Referring to the drawings and particularly to Figure 1, there 1s shown a signal-
fiing diagram of an [2C communication as 1s known n the art. An 12C data hine and an 12C
clock line are shown at {ogic hugh, logic low, and transitiomng between logic high and logic
low. A start condition 1s defined as the data line transitioning from logic high to logic low,
1.e. a falling transition, while the clock line 15 logic lugh. Thereatter, the data line only
transitions when the clock line 15 logic low. Thus, transitions of the data line are
synchromzed to falling transitions of the clock hine. The state of the data line 1s read when
the clock line transitions from logic low to logic high 1.e. a rising transiion. As shown, bit
B 1s read on a nsing transition of the data line. Subseguent bits Bl — BN are read on
subsequent rising transitions of the clock line. Note that bits may be read by either the master
ar the slave. The bits may encode an [2{ address, indication of whether the commumnication
1s a read from the slave or a write to the slave, and data such as a command. For example,
bits BU — B6 may be a slave address, bit B7 may be a read/write indicator, bifs BS-B15 may
be a command, and bits B16-B23 may be data that 1s part of the command. The
comnuimcation 18 terminated by a stop condition, which 1s defined as a nising transition of the
data hine while the clock hine 1s fogic hagh. The stop condition 1s synchronized to the clock

line to occur atter the final bit i1s transmitied.

(G017 ] Prior art 12C communication i1s synchronized to a clock line driven by a
master. Thus, the slave cannot comrunicate with the master to, for example, wake the
master from a low-power sleep mode. Figure 2 shows a signal tinung diagram according to
one embodiment of the present disclosure that overcomes these shortialls of prior art 12C

commumcation systems without adding additional connections and associated cost.

Lt The left portion 205 of Figure 2 shows an 12 commumcation that starts with
a start condition and ends with a stop condifion similar to the wavetorms in Figure 1. In thus
example, the [2C comumunication contains a command from the master to the slave. The
command 1s tor the slave to toggle the data hine until a ternmnation event occurs. The right
portion 207 of Figure 2 shows that, 1n response {o the [2C communication, the slave toggles
the data line by driving the data hine to a logic low for a first duration 210 then releases the
data hine so that a pull-up resistor (not shown) brings the data hine to a logic high {or a second
duration 212. A toggle contains both a {alling edge and a nsing edge. The data hne {alling
transitions, €.g. falling transition 214, and rising transifions, e.g. nising transition 216, occur
asynchronously to the clock hine. In this example, the clock hine 1s logic high dunng the

toggling. The toggling repeats for a plurality of cycles.
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{GUBIY] The ratio of the second duration 212 {o the first duration 210 is known as a
duty cycle. The slave may adjust the duty cycle of the togghng to communicate imformation
1.e. puise width moduiation (PWM). The duty cycle of the togghng may be, for exampie,
proportional to a voltage output of a sensor coupled 1o the slave e.g. a temperature sensor.
Circuitry coupled to the data line, external to the master and the slave, may read the duty

cycle Lo read the value of the temperature sensor.

{GUZE] The cvcle time, 1.e. the first duration 210 plus the second duration 212,
determines the frequency of the toggling. Some sensors output a frequency such as, for
example, humidity sensors. The cycle time may be proportional to the output frequency of a

SCTISOT.

Ll 22y The comumand may include a frequency value and the slave may perform the
toggling at a frequency specified by the frequency value. This is usetul when, for exampie,
the slave adjusts the togghing duty cycle inresponse to a sensor outpul. The frequency may
be set based on the cutolt frequency of a low-pass {ilter coupled to the data line. The
command may mclude a duty cvcle value and the slave may pertorm the togghing at a duty
cycle specified by the duty cycle value. This 1s usetul when, for example, the slave adjusts

the togghing freguency in response (0 a sensor output.

{022 The slave confinues (o toggle the 12€ data ine until a termination event
occurs. The termmnation event may be a falling edge 220 of the clock line. After the
termination event, the clock line becomes logic high 222 and the 120 bus 18 available for 12C
communications such as 1s shown in Figure 1. The master necessartly has the capability {o
drive the clock line to a logic low because this capability is required tor 12C communications.
Thus, 1t 18 not a burden for the master to generate a termination event by mampulating the

clock line.

LAY The termunation event may be the togghing has exceeded a maximum duration
21%. The command may include a value of the maxymum duration. In this way, the slave
will automatically relingquish control of the data hine once the maxamum duration has
occurred. This removes the burden from the master (o generate a termination event. The
termination event may be the togghng has exceeded a maximum number of logic level
transitions and the command includes a value of the maximuom number of transitions.

Similarly, this also removes the burden from the master to generate a termination event.
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Alternatively, the slave may simiply continue togghng the 12C data line until the slave is de-

energized. Once the slave 1s re-energized, it 1s available for 12C communication.

{5024 ] It is advantageous to toggle the data line instead of the clock hine so other
devices on the 12 bus do not interpret the toggling as an 2C transmassion. Since the [2C
clock line 1s high during the togghng, other [2C slaves will interpret the toggling as a series
of 12C start conditions and [2C stop conditions. The 20 slaves will not react to these events
because they will not recetve a command addressed to their 120 address.

{BB25] Recetving a command via the 12C clock pin and 12 data pin may occur after
the termination event occurs. In this embodiment, the slave may begin toggling the data line

automatically alter powering up.

G026 Figure 3 shows a schematic diagram according to another aspect of the present
disclosure. A serial communication system 300 has an [2C master 3027 and an 12C slave 304.
The master 302 has an open-collector 1/0 connected to an 12 clock line 306 connected to an
12C clock pin 308 of the slave 304. The master 302 has an open-coliector [/0 connected to
an 12C data line 310 connected to an 120 data pin 312 of the siave 304, The slave 304 has a
ground pin 314 connected to system ground and a power pin 316 connected to a swiich 318
connected 1o a voltage supply 320, e.g. 3.3V, The swiich 318 may be, tor example, a
fransistor. A control line 322 coupled to the master 302 controls the switch 318, Pull-up
resistors 324 and 326 connect the output of the switch 318 to the clock line 306 and the data

line 310. The master 302 may energize and de-energize the slave 304 using the switch 318.

{O027 ] The data line 310 1s also connected o the input of an op-amp 328 configured
as a umity-gain butter. 'the output of op-amp 328 1s connected to a low-pass filter made of a
series resistor 330 and a capacitor 332 to ground. The ocutput of the low-pass filter 15
connected to an input of a comparator 334, Another input of the comparator 334 1s connected
to a voltage reference 336. The output of the comparator 334 is connected {0 a wake input
338 of the master conligured o wake the master from sleep when the wake mput 338 1s

driven high.

{OU25] The slave contains an analog-to-digital converter (ADC) 340, The ADC input
pin 342 is connected to a thermistor 344 biased by the output of the switch 318 via a pull-up
resistor 346, The voltage at the ADC input pin 342 1s related to the resistance of the

thermustor 344 which 1s related to the temperature of the thermuastor 344, A digital output of
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the AD{C 1s connected to a duty cycle register 348 which may be, tor exampie, a hardware
register, a memory cell, ete.

{29 ] In operation, the master turns on the switch 3138 via the control line 322, sends
a command to the slave, then goes o a low-power sleep mode. The command 1s 1n an {2
communication sent to the slave via the clock line 306 and the data line 310, In response, the
slave toggles the 12C data pin 312 by alternating between driving the 120 data pin 312 to
togic low and not dnving the 12€ data pin to logic low as shown i Figure 2. The master is
asleep and thus 1gnores the togghing of the data line 310, The duty cycle of the toggling is
proportional to the duty cycle register 348, The op-amp 328 drives the low-pass filter, which
converts the AC signal to a DO signal since the cut-off freguency of the low-pass filter 1s
much lower than the frequency of the togghng. If the output of the low-pass {ilter s greater
than the voltage reference 336, which corresponds to an excessive temperature measured by
the thermustor, the output of the comparator 334 goes high, the wake mput 338 goes high, and
the master 30727 wakes from sieep. The master 302 responds by puising the clock line 306
low, the slave 304 detects thus event and stops togglhing the data pin 312 and the data hne 326
15 pulied to a logic lugh by the pull-up resistor 326. The master may now utiate 12C

communication on the clock line 306 and data hne 310.

G030 The senal communication systemn 300 uses the same 12C data hine 310 for [2C
communication synchronized to the 12 clock line 306 and for asynchronous transmissions of
PWM information to analog circuits. This dual usage of the 12C data ine 310 enables the
aster to go to sleep and to wake based on the data line PWM signal.
LHIREY Note that the low-pass filter cutolf frequency may be set much lower than the
I2C clock frequency e.g. the cutol frequency may be 100Hz and the [2C clock frequency
may be 100kHz. In this configuration, the toggling of the 12¢ data pin may occur
continuously and 12{’ communication may occur while the 12C data pin 1s logic high. The
relatively short duration, high frequency burst of I2€ communication will not significantly
change the output of the low-pass {ilter. In this example, 120¢ communications are
synchromzed to the togghing of the 12¢ data pin.
{032} Figure 4 shows a method 400 of operating an {2 slave according to another

aspect of the present disclosure. The 12 slave has an 12 clock pin and an 12 data pin.

LIIARY At block 402, the slave receives a command via the [2C clock pin and the [2C

data pin. At block 404, the siave drives the 120 data pin {0 a logic low {or a {irst duration. At
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block 406, the slave does not drive the 12C data pin to a logic low for a second duration. Not
driving the I2C data pin will result 1n a logic high, since 1n I2C systems the data pin has a pull-up
resistor to a logic high voltage. Repeating blocks 404 and 406 will produce the waveform shown
in the right portion 207 of Figure 2.

[0034] At block 408, the slave determines if a termination event occurred. If not, blocks 404 and
406 are repeated. If a termination event did occur, the method ends at block 410. The
termination event may be, for example, the 12C clock pin transitions to a logic low, the 12C clock
pin 1s logic low, etc. The command may include a maximum duration and the termination event
may be that the total time blocks 404 and 406 have occurred exceeds the maximum duration.

The command may include a maximum number of occurrences that blocks 404 and 406 have
occurred and the termination event may be that block 404 and 406 have occurred more than the
maximum number of occurrences. The termination event may be that the 12C slave 1s de-
energized.

[0035] The command may include a frequency value and block 404 and 406 are repeated at a
frequency specitied by the frequency value. The command may include a duration value and the
first duration may be based on the duration value. Alternatively, the command may include a
duration value and the sum of the first duration and the second duration may be based on the
duration value.

[0036] Note that block 402 may occur after block 408 in place of block 410. In this
embodiment, the I2C data pin 1s toggled until a termination event occurs and then the slave
receives a command via the I12C clock pin and the 12C data pin. In this embodiment, the slave
may, after a power cycle, automatically start toggling the 12C data pin until a termination event
occurs. This would be usetul 1n systems where the master starts 1n sleep mode after a power
cycle and the toggling wakes the master as described above.

[0037] The foregoing description 1llustrates various aspects and examples of the present
disclosure. It 1s not intended to be exhaustive. Rather, it 1s chosen to 1llustrate the principles of
the present disclosure and its practical application to enable one of ordinary skill in the art to
utilize the present disclosure, including its various modifications that naturally follow. All
moditications and variations are contemplated within the scope of the present disclosure as
determined by the appended claims. Relatively apparent modifications include combining one or

more features of various embodiments with features of other embodiments.

SUBSTITUTE SHEET (RULE 26)
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What 1s claimed 1s:

CLAIMS

1. An I12C slave having an 12C clock pin and an 12C data pin, the 12C slave 1s configured to
receive a command at the 12C clock pin and the I2C data pin and 1n response repeatedly toggle
the I2C data pin until the 12C slave detects the occurrence of a termination event, wherein the
toggling 1s asynchronous to the 12C clock pin.

2. The I2C slave of claim 1, wherein the termination event 1s the 12C clock pin transitions to
logic low from logic high.

3. The I2C slave of claim 1, wherein the termination event 1s the 12C clock pin 1s logic low.
4. The 12C slave of claim 1, wherein the command includes a frequency value and the 12C
slave 1s configured to perform the toggling at a frequency specified by the frequency value.

. The 12C slave of claim 1, further comprising a duty cycle register and the 12C slave 1s
configured to perform the toggling at a duty cycle proportional to a value 1n the duty cycle
register.

6. The 12C slave of claim 5, further comprising an analog-to-digital converter having an
analog input and a digital output and the duty cycle register 1s coupled to the digital output.

7. The 12C slave of claim 1, wherein the termination event 1s the toggling has exceeded a
maximum duration and the command includes a value of the maximum duration.

3. The I2C slave of claim 1, wherein the termination event 1s the toggling has exceeded a
maximum number of logic level transitions and the command includes a value of the maximum
number of transitions.

9. An 12C slave having a power pin, an I2C clock pin, and an I2C data pin, the I2C slave 1s
configured to be powered via the power pin and to receive a command transmutted via I2C using
the I2C clock pin and the 12C data pin then repeatedly toggle the I12C data pin until the power pin

1s de-energized, wherein the toggling 1s asynchronous to the I2C clock pin.

SUBSTITUTE SHEET (RULE 26)
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10.  The I2C slave of claim 9, wherein the command includes a frequency value and the 12C

slave 1s configured to perform the toggling at a frequency specitied by the frequency value.

11. The 12C slave of claim 9, wherein the I2C slave has a duty cycle register and the 12C
slave 1s configured to perform the toggling at a duty cycle proportional to a value in the duty

cycle register.

12. The 12C slave of claim 11, wherein the I2C slave has an analog-to-digital converter and

the duty cycle register 1s coupled to an output of the analog-to-digital converter.

13. A method of operating an 12C slave having an 12C clock pin and an I2C data pin, the

method comprising:

(a) recerving a command via the 12C clock pin and the 12C data pin;
(b) driving the I2C data pin to logic low for a first duration;

(¢) not driving the I12C data pin to logic low for a second duration; and
(d) repeatingly alternating (b) and (¢) until a termination event occurs,

wherein (b) and (¢) are not synchronized to transitions of the I12C clock pin.

14. The method of claim 13, wherein the termination event 1s the I12C clock pin transitions to
logic low.

13. The method of claim 13, wherein the termination event 1s the I12C clock pin 1s logic low.
16. The method of claim 13, wherein the command includes a frequency value and (d) occurs

at a frequency specitied by the frequency value.

17. The method of claim 13, wherein the command includes a duration value and the first

duration 1s based on the duration value.

18. The method of claim 13, wherein the command includes a duration value and the sum of

the first duration and the second duration 1s based on the duration value.

19. The method of claim 13, wherein the termination event 1s that the total time that (b) and
(¢) have occurred has exceeded a maximum duration and the command includes a value

corresponding to the maximum duration.
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20). The method of claim 13, wherein the termination event 1s that (¢) has occurred more than
a maximum number of occurrences and the command includes a value corresponding to the

maximum number of occurrences.

21. The method of claim 13, wherein the termination event 1s the I2C slave 1s de-energized.

22. The method of claim 13, wherein (b), (¢), and (d) occur while the I2C clock pin 1s logic
high.

23. An 12C device having an 12C clock pin, an 12C data pin, and an input pin, the 12C device
1s configured to respond to receiving an 12C command via the I2C clock pin and the 12C data pin
by alternating between driving the 12C data pin to logic low and not driving the 12C data pin to
logic low until the I12C device detects a termination event, wherein the alternating 1s not

synchronized to transitions of the 12C clock pin.

24, The I12C device of claim 23, wherein the termination event 1s the I2C clock pin transitions

to logic low.

25.  The I2C device of claim 23, wherein the termination event 1s the I12C clock pin 1s logic
low.
26. The 12C device of claim 23, wherein the command includes a frequency value and the

12C slave 1s configured to perform the alternating at a frequency corresponding to the frequency

value.

27. The 12C device of claim 23, further comprising a duty cycle register and the 12C slave 1s
configured to perform the alternating at a duty cycle proportional to a value 1n the duty cycle

register.

28. The I12C device of claim 27, further comprising an analog-to-digital converter having an

analog input and a digital output and the duty cycle register 1s coupled to the digital output.

29. The 12C device of claim 23, wherein the termination event 1s the alternating has exceeded

a maximum duration and the command includes a value corresponding to the maximum duration.
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30. The I12C device of claim 23, wherein the termination event 1s the alternating has exceeded
a maximum number of transitions and the command includes a value corresponding to the

maximum number of transitions.



201°7-07-21

CA 029747734

PCT/US2016/034087

WO 2016/196118

1/3

dois

Nd

0

¢

| 3inbi4

¢4

S

0d

G0c¢

2

Uels

eleq

A90[0

eled



201°7-07-21

CA 029747734

PCT/US2016/034087

WO 2016/196118

2/3

144>

ore

¢ 91nbi4
m VA%
8CC
e Y 4%
21983
/\
0L¢
¢le
B BlEP
il
30010 | MOO[0
|0JJUOD
8l 22¢ 20¢

0zs Y



CA 029747734 201'7-07-21

WO 2016/196118 PCT/US2016/034087
3/3

402 Receive a command via an 12C clock 400
pin and an [2C data pin

404 Drive the |12C data pin to logic low for a
first duration

Do not drive the I12C data pin to logic
low for a second duration

YES

Did a termination event occur?

NO
410

End

Figure 4



302

control

clock

data

334

322

£ 320

336

330

318

328

Figure 3

346

344



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - abstract drawing

