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1. Introduction

1.1 Abstract

The 1QS263 is a 3-channel I°C compatible device with multiple configuration options via a memory
map.

The purpose of this document is:

1. To understand the 1°C compatible interface

2. To support the example code provided for evaluation and driver development
Please note that a full description of features can be found in the 1QS263 datasheet.

1.2 Connection description

The diagram below describes the hardware requirement for communicating with the 1QS263.
**Please note the importance of using the RDY line and not only the SDA and SCL connections.

See section 1.3 for more details.

VDDHI

4k 70 pull ups [typical]

PO/ TX
\DDHI Q
T SDA
Capacitance )
Di;tal <«—>  Control Logic  [«—> imﬁr‘;w = (rvl:qagt%r)
Converter RDY

CRx1 CRx2 CRx3

Figure 1.1 1QS263 hardware connection diagram
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1.3 Communication window description

IQSZ’

Poll 105263

ACK

g MCU 1Q58:
(RD 12C Polling conv:

Poll 105263 Poll 105263
NACK
Master
Slave

Poll 105263

Master
Slave

1Q8:
Streaming mode (polling at various times —
example only)

Recommended: only poll device when RDY=LOW

Event mode (comms window only during
event)

Figure 1.2 1QS263 Master-Slave interface options description

The 1QS263 will only allow for communication within a certain time-slot. Outside of this “slot” the
device will give preference to capacitive conversions, calculations or sleep. With the specific
implementation on the 1QS263, the master device must:

1. read the bidirectional “RDY” I/O from the 1QS263
2. only poll the device during the RDY = low period

3. create a communication window (useful in event mode) by writing the “RDY” low and poll

the slave until ACK is received
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The 1QS263 slave device interfaces to a master controller via a 3-wire (SDA, SCL and RDY) serial
interface bus and is I°C™ compatible, with a maximum communication speed of 400kbit/s.

Compatibility with various I°C libraries must be ensured by following the guidelines in this

document.

The 1QS263 can be used in 3 different modes:

Streaming mode

recommended for initialization periods

Switch to event mode after initialization

Event mode

recommended for keeping power consumption
minimal

recommended for minimizing bus
communications and processor load

Force communication (polling)

recommended for event mode systems

Implement for case where communications are
required, but no events are present

force open a communication window

2.1 RDY line description

—
1T 1]
RDY line (bi-directional)
L ¢ Indicator for master device (MCU)
[TT 1 SCL ¢ Indicator for when sensing is paused
[TT 1 SDA e MCU output to force communications
— N
VDDHI
e Communication window open
IQs263 || RDY=LOW e Capacitive sensing paused
ov
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VDDHI

1QS263
oV

RDY = HIGH

Communication window closes
Capacitive sensing continues

Only sensing and calculations are done during
RDY high when “TUBO MODE” is enabled

Sensing, calculations and sleep are done during
RDY high when “TUBO MODE” is disabled

VDDHI

Master

(MCU)
oV

RDY = LOW

In EVENT MODE, the master can request a
communication window

Capacitive sensing only pauses after
communications are (ACK)nowledged via the
SDA line

MCU keeps RDY low until ACK, then 1QS263
takes over at ACK time and keeps RDY low

RDY = LOW

When RDY changes low and no I2C start is sent,
the duration of RDY low is as specified in reg
0x0A Byte 7 “I°C timeout”

When RDY changes low and 12C start is sent, the
RDY duration will be until I°C stop is sent.

When no I°C stop is sent the RDY duration will be
until the 1°C watchdog timer (WDT) expires. See
troy IN table Table 4.1

2.2 RDY line —known issues and workarounds

VDDHI
Master
(MCU)
ov
VDDHI
oV

ta constraint:

[2C Stop command
SDA = HIGH

e Do not send I°C start command
during ta

e Result: Bus changes clocked into
1QS263 buffer will cause CLK =
LOW until next communication

ta window where a NACK will be sent
to master
105263 RDY = HIGH e tamn= 70us (2 MHz main clock)

e Do reseed command +70us
e Redo ATl command +112us
e Force Sleep command +25us

e Therefore: ta max= 182us (2MHz)
e tarmin=35us (4 MHz)

o trmax=91Us (4 MHZ2)
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VDDHI
105263 RDY = HIGH

ov

DR BN
VDDHI !

105263 | | oFF .
12C module

ov

tg constraint:

Do not send I°C start command
during tg

Result: Bus changes clocked into
1QS263 buffer will cause CLK =
LOW untii next communication
window where a NACK will be sent
to master

tg = 60us (2 MHZz)
ts = 8us (4 MHz)

Workaround for issues relating to ta:

e Ensure communications are effectively done after RDY changes to LOW

e Ensure communications are not initiated (first IC start) only close to I°C timeout (Reg

OxO0A:byte7 — default 5ms)
Workaround for issues relating to tg:

¢ Do not re-initiate communications with next device or same device within the specified time.

Further details of fault condition when ta or tz are not adhered to:

e As mentioned above, the 1QS263 will take control of the I1°C bus CLK line by an extended

clock stretching event.

e Any address polling at the next communication window will receive a NACK from the
1QS263 I°C module and the condition will be reset.

¢ In the case of event mode with no expected events on the RDY line following, the watchdog
timer (twpr, See Table 4.1) will reset the condition.
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3. How to address the IQS263 via I12C
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o I Il
| I | | | I
] I [T Il
SDA | |, SDA il S
[ Y _: : [ I R
I I I I
I : : I
— 1 S
sc I I scL T I I
Loy L Loy
|
I I — I I
L_l L L_I
START STOP Repeat-Start
Figure 3.1 12C Start, stop and repeat-start definitions
7 bit address
P
© )
MSB

o

Figure 3.2 Control byte specification

Address-

Start Control Byte Command Datan Data n+1 Stop
S Adr + WRITE | ACK ACK ACK ACK S
Figure 3.3 Multiple data write sequence

Address-
Start Control Byte command Start Control Byte Datan Stop
= Adr + WRITE | ACK ACK S Adr + READ | ACK NACK =

Figure 3.4 Register read sequence with “repeat-start”

after address setup
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sbA| |\
rov|  \

™N
-
S

c c
Bus Idle 2 SDA Valid SDA SDA Valid S | Busldle

S allowed kS]
Comms 5 Addres / to change S | Comms
window open c ACK bit o | window
a8 2 closed

n n

Figure 3.5 Bus state change specifications

RRRARA IR ARA N —

i ) l
or] ] B

-

Bus c Control byte / write 1QS263 Status register Register Bus
Idle & access s Idle
C_omms s v 1QS263 force v S VCVIOHHJ?MSI
window O @) SCL low @) = closed

= < < o
open S o)
B (clock &

stretching)

Address-
Start Control Byte command Stop

S Adr + WRITE | ACK ACK S

Figure 3.6 Dummy status register read setup
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4. Streaming mode specification
4.1 Streaming and sampling times

Table 4.1 Sample and ready timing description

Streaming CHO-CH3
4> ’4
(RDY low after each
conversion) .
Sensing
Conversions
>
RDY _|
>
L—> *L* tRDY
sample
Settings 2 MHz osc (40Hz sampling) 4 MHz 0sc (80Hz sampling) Turbo Mode Enabled
(Reg 0x09:byte0:bitl = 0) (Reg 0x09:byte0:bitl = 1) (Reg 0x09:byte3:hit2 = 0)
tsample =25ms =12ms <25ms (2MHz) <12ms (4MHz)
Example Case Default (no comms) Typical with comms) WDT
(Reg 0x0A:byte7 = 0x04) (Read 3 registers @ 400kHz) (Start condition, no stop condition)
troy =~5ms TBD 260ms (2MHz) 130ms (4MHz)

4.2 ATI time (with streaming during ATI disabled)

CHO-CH3

T e
ooe (LA PRI I PRLLAD MR

RDY U | | .
- -

ATI

~
P~

Typical Max

taT) 400ms 850ms

See datasheet for full description of ATI time variations.
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5. Event mode specification

e Event mode is recommended for most applications

e Default streaming mode is intended for initialization periods and applications that utilize
reading raw sample data

5.1 Idle state
¢ In the idle state (RDY high) the device will not act on any communications on the SDA and
SCL lines

e The device will do sampling and calculations while communication procedures are idle
5.2 Event flagged description

e Events are flagged in the 1QS263 until read by the master device.

e Newer events will overwrite the older.

The following is an example of event accumulation and overwriting:

Events occurred: Event flags read:
e ATl complete e ATI complete,
e RDY toggle, e movement,
e movement, e proximity
e RDY toggle,

e proximity,

e RDY toggle,

e touch,

e RDY toggle,

e no touch, RDY low, poll 1QS263, read
flags

e Figure 5.1 shows the behaviour of RDY when missing RDY signal indicators in event mode:

H=Prox, L=No-prox

or

H=Touch, L=No-Touch

or

H=Movement, L=No-Move

Output of RDY

\ Y J T

105263 toggles. The registeris accessed.

Figure 5.1 Proximity / Touch / Movement Event ( When the host reads out registers
at the fourth RDY)
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H=Prox, L=No-prox
or
H=Touch, L=No-Touch

or
H=Movement, L=No-Move

Output of RDY

!

The registeris accessed.

Figure 5.2 Proximity / Touch / Movement Event (When the host reads out registers at
the first RDY)

L=No-ATI, H=Au |
|

Output of RDY

Figure 5.3 ATI Event ( When the host reads out registers at the fourth RDY. )

Revision 1.0 Page 11 of 20
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Event mode force communications

When using the 1QS263 in event mode it will be required to implement a force communications
procedure in the driver. The force communication is to be used as follows:

The

Failsafe: using the device in event mode, a failsafe “check” will be required to ensure the
IC is still in good working order while not generating any events.

Reseed: When no movement is detected for a time period determined by the master MCU,
a “reseed” command will clear such non-moving activation. This event will require forced
communications.

ATl-error: When ATI is somehow disrupted while being executed, an ATI-error may result.
In this case, the MCU is responsible to call a redo-ATIl in order to repeat a calibration
attempt. Instead of engaging in multiple rapid retries, the master can schedule the retry
according to application requirements by forcing communications when suited.

handshake method previously recommended has a limited response rate and is not

recommended for use.

The

force communications technique is the fastest method of “catching” the 1QS263

communications window. The following method is recommended:

Master (MCU) write RDY = LOW

Master initiates 1°C repeated polling until ACK is received from 1QS263 (if NACK is detected
then master must continue polling)

When ACK is received, master should release the RDY line by making the 1/O an input

When the ACK is received the communications window is open until a STOP-command is
sent

Background: when 1QS263 is in sleep mode in between sensing cycles, the device will
initiate wake-up procedure with the RDY pin change.

Background: The wake-up procedure always starts with sensing procedure on one of the
channels. After the sensing and calculations the communications window will allow for a
response on address polling.
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VDDHI ——
Master (MCU) RDY = LOW

ov

A
WAKE

1QS263
SLEEP I

%

SENSING
NO SENSING

WINDOW OPEN

COMMUNICATION

WINDOW CLOSED

E

tc specification:

o After forcing the RDY low, the
1QS263 will initiate a wake-up
procedure.

e tc =4ms (typical)
e ft-<bms
tp specification:

e One channel sensing data is
gathered before allowing time for
communications

e Channel sensing time is dependent
on target setting and sensing
frequency

e tp =3ms (typical)
te specification:

o Time from 1QS263 ready to respond
to polling requests.

e Addressing the device in this
window should result in an
expected response (acknowledge)

e tz = 5ms (default)
o tz = Reg Ox0A:byte7

e Reg OxOA:byte7 time-out value is
cancelled after successful polling

Copyright © Azoteq (Pty) Ltd. 2015
All Rights Reserved.

Revision 1.0 Page 13 of 20
Check for updates December 2015



http://www.azoteq.com/design/applications.html

&

1Q Switch®
ProxSense® Series

4 Azoteq

VDDHI

ov

Master (MCU)

RDY = LOW

ADDRESS POLLING

NO POLLING

ACK (when polling)

NACK (when polling)

Master (MCU)
stops polling
with first ACK

Polling option: Brute force

o Recommended polling interval: 1ms

VDDHI
Master (MCU)
RDY = LOW
oV
I |
ADDRESS POLLING  tpoll_delay Master (MCU)

NO POLLING

stops polling
with first ACK

ACK (when polling)

NACK (when polling)

Polling option: Time delay
¢ Recommended:
tpoll_delay >8ms

e Change the 12C time-out to match
the chosen polling delay
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6. Recommended master implementations

Please see the 1QS263 datasheet for a full specification of options that are typically fixed during
run-time of the 1QS263.

Most popular initialization options are as follows:

Channel setup CHO (distributed), CH1, CH2, CH3
CHO cannot be disabled

Sensing specification Sensing frequency and sample rate selection

Threshold adjustment Filter halt

Proximity threshold (CHO)

Touch thresholds (CH1, CH2, CH3)
Movement threshold (CHO or CH3

Sensitivity adjustment Target value (higher target — more sensitivity)
Base value (lower base — more sensitivity)

Communication specification Streaming, Event mode
Streaming disabled during ATI option
I2C timeout

Filter options LTA beta
Filtered touches
Touch debounce

Ul options Slider, swipe, wheel etc.
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6.1 Default recommended master implementation

Default
streaming mode
Clear "show reset"

Event mode
& Redo-ATI

ATl event 1
Dummy read
ATl _busy =1

ATl event 2
ATI _busy =0
ATl error=1

Command:
Redo-ATI

ATl event 2
ATI_busy =0
ATl _error=0

X sec
time-out

Show reset =1

No event
state change

RDY low
detect

Event
state
cleared

RDY low
detect

Rapid state
events

Event handler

Flick / Tap / Prox /

Movement / Reset Touch /
Slide

Event state change
Prox / Touch / Slide
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6.2 Alternate recommended master implementation

Default
streaming mode
Clear "show reset"

Streaming mode
& no streaming during ATI
& Redo-ATI

RDY = low
ATl busy =0
ATI_error=1

RDY = low

RDY = low
_X sec Command: AT busy = 0
hore R Redo-ATl ATI_error =0
ignore RDY _error = )
for x sec Set to "Event mode

Show reset =1

No event
state change

RDY low

detect
RDY low

detect

Rapid state
events

Flick / Tap /

Movement / Reset
Event state change

Prox / Touch / Slide

Copyright © Azoteq (Pty) Ltd. 2015 Revision 1.0 Page 17 of 20
All Rights Reserved. Check for updates December 2015


http://www.azoteq.com/design/applications.html

1Q Switch®
ProxSense® Series

Q 4 Azoteq

7. ATI (calibration) state
7.1 Event mode ATI events active

e After calling a redo-

SET
Redo-ATI |_ ATI, a dummy event
CLEAR is created to indicate
the ATI start
SET .
ATI busy e Read this dummy
CLEAR event in order to

IQS263 read comwms

[ write NO COMMS

1

prevent repeated
dummy events.

e Repeated ATI events
(or streaming during

. BuUsY ATI) causes a
ATI ConVer5|OQASUSED significant decrease
in calibration speed
VDDHI
RDY
GND
SET e By reading the
Redo-ATI |_ dummy ATl event,
CLEAR the conversions
required for
SET calibration can
ATI busy CLEAR rapidly execute
without being slowed
1QS263 read  cons - - o on
/writ W communication
write NO COMMS — windows.

. BUSY
ATI Conversions

e Be sure to read
events as soon as

PAUSED possible to prevent
reoccurring events.
VDDHI
RDY
GND

1QS263 generates dummy ATI event after redo-ATI

This must be read to clear the event, otherwise the RDY will toggle continuously while doing

ATI (slows ATI considerably)

Recommended: disable ATI events (mask), read ATI_busy 1second after redo-ATI command —

check ATl-error.
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8. Reseed case

8.1 Event mode reseed

e Usually RESEED is done automatically and the master device does not need to be aware
of the event.

e The master may force a reseed in the case of an unwanted latched condition.

e Force communications and calling a reseed may have two outputs:

1.
2.

Reseed only (LTA = counts)
Redo-ATI (LTA=counts & maintain correct target)

e 10QS263 does Reseed and ATI

Does force communications procedure

Sends reseed command to 1QS263

Sends stop command

Waits for RDY=L

Reads the ATI Busy

Waits for RDY=L

Set RDY=L time-out (100ms)

If RDY = L then Read the ATI Busy & ATI Error bits to confirm ATI

e 1QS263 does Reseed but not ATI

Does force communications procedure
Sends reseed command to 1QS263

Sends stop command

Waits for RDY=L

Set RDY=L time-out (100ms)

If RDY #L then no ATI, only reseed was done
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Appendix A

Contact Information

USA Asia South Africa
Physical | 6507 Jester Blvd Rm2125, Glittery City 109 Main Street
Address | Bldg 5, suite 510G Shennan Rd Paarl
Austin Futian District 7646
TX 78750 Shenzhen, 518033 South Africa
USA China
Postal 6507 Jester Blvd Rm2125, Glittery City PO Box 3534
Address | Bldg 5, suite 510G Shennan Rd Paarl
Austin Futian District 7620
TX 78750 Shenzhen, 518033 South Africa
USA China
Tel +1 512 538 1995 +86 755 8303 5294 +27 21 863 0033
ext 808
Fax +1 512 672 8442 +27 21 863 1512
Email info@azoteq.com linayu@azoteqg.com.cn info@azoteq.com

Please visit www.azoteg.com for a list of distributors and worldwide representation.

The following patents relate to the device or usage of the device: US 6,249,089 B1; US 6,621,225 B2; US 6,650,066 B2;
US 6,952,084 B2; US 6,984,900 B1; US 7,084,526 B2; US 7,084,531 B2; US 7,265,494 B2; US 7,291,940 B2; US 7,329,970 B2;
US 7,336,037 B2; US 7,443,101 B2; US 7,466,040 B2 ; US 7,498,749 B2; US 7,528,508 B2; US 7,755,219 B2; US 7,772,781
B2; US 7,781,980 B2; US 7,915,765 B2; US 7,994,726 B2; US 8,035,623 B2; US RE43,606 E; US 8,288,952 B2; US 8,395,395
B2; US 8,531,120 B2; US 8,659,306 B2; US 8,823,273 B2; EP 1 120 018 B2; EP 1 206 168 B1; EP 1 308 913 B1; EP 1 530 178
Al; EP 2 351 220 B1; EP 2 559 164 B1; CN 1330853; CN 1783573; AUS 761094; HK 104 1401

_ _ 1y
IQ Switch®, SwipeSwitch™, ProxSense®, LightSense™, AirButton™", ProxFusion™, Crystal Driver™ and the Q

logo are trademarks of Azoteq.

The information in this Datasheet is believed to be accurate at the time of publication. Azoteq uses reasonable effort to maintain the information up-to-date and accurate, but does not warrant
the accuracy, completeness or reliability of the information contained herein. All content and information are provided on an “as is” basis only, without any representations or warranties, express
or implied, of any kind, including representations about the suitability of these products or information for any purpose. Azoteq disclaims all warranties and conditions with regard to these
products and information, including but not limited to all implied warranties and conditions of merchantability, fitness for a particular purpose, title and non-infringement of any third party
intellectual property rights. Azoteq assumes no liability for any damages or injury arising from any use of the information or the product or caused by, without limitation, failure of performance,
error, omission, interruption, defect, delay in operation or transmission, even if Azoteq has been advised of the possibility of such damages. The applications mentioned herein are used solely
for the purpose of illustration and Azoteq makes no warranty or representation that such applications will be suitable without further modification, nor recommends the use of its products for
application that may present a risk to human life due to malfunction or otherwise. Azoteq products are not authorized for use as critical components in life support devices or systems. No
licenses to patents are granted, implicitly, express or implied, by estoppel or otherwise, under any intellectual property rights. In the event that any of the abovementioned limitations or
exclusions does not apply, it is agreed that Azoteq'’s total liability for all losses, damages and causes of action (in contract, tort (including without limitation, negligence) or otherwise) will not
exceed the amount already paid by the customer for the products. Azoteq reserves the right to alter its products, to make corrections, deletions, modifications, enhancements, improvements
and other changes to the content and information, its products, programs and services at any time or to move or discontinue any contents, products, programs or services without prior
notification. For the most up-to-date information and binding Terms and Conditions please refer to www.azoteg.com.

www.azoteg.com/ip

info@azoteqg.com

Revision 1.0
Check for updates

Copyright © Azoteq (Pty) Ltd. 2015
All Rights Reserved.

Page 20 of 20
December 2015


http://www.azoteq.com/design/applications.html
mailto:info@azoteq.com
mailto:linayu@azoteq.com.cn
mailto:info@azoteq.com
file:///C:/Users/User/Documents/ProxSense/Marketing%20-%20Sales/www.azoteq.com
http://www.azoteq.com/

	AZD088 IQS263 Communications Interface Guideline
	1. Introduction
	1.1 Abstract
	1.2 Connection description
	Figure 1.1 IQS263 hardware connection diagram
	1.3  Communication window description
	Figure 1.2 IQS263 Master-Slave interface options description

	2. I2C communication protocol
	2.1 RDY line description
	2.2 RDY line – known issues and workarounds

	3. How to address the IQS263 via I2C
	Figure 3.1 I2C Start, stop and repeat-start definitions
	Figure 3.2 Control byte specification
	Figure 3.3 Multiple data write sequence
	Figure 3.4 Register read sequence with “repeat-start” after address setup
	Figure 3.5 Bus state change specifications
	Figure 3.6 Dummy status register read setup

	4. Streaming mode specification
	4.1 Streaming and sampling times
	Table 4.1 Sample and ready timing description
	4.2 ATI time (with streaming during ATI disabled)

	5. Event mode specification
	5.1 Idle state
	5.2 Event flagged description
	Figure 5.1 Proximity / Touch / Movement Event ( When the host reads out registers at the fourth RDY)
	Figure 5.2 Proximity / Touch / Movement Event (When the host reads out registers at the first RDY)
	Figure 5.3 ATI Event  ( When the host reads out registers at the fourth RDY. )
	5.3 Event mode force communications

	6. Recommended master implementations
	6.1 Default recommended master implementation
	6.2 Alternate recommended master implementation

	7. ATI (calibration) state
	7.1 Event mode ATI events active

	8. Reseed case
	8.1 Event mode reseed

	Appendix A Contact Information

