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Integrated Gesture Recognition Sensor

PAJ7620U2: Integrated Gesture Recognition Sensor

General Description

The PAC7620 integrates gesture recognition function
with general 1°C interface into a single chip forming an
image analytic sensor system. It can recognize 9 human
hand gesticulations such as moving up, down, left, right,
forward, backward, circle-clockwise, circle-counter
clockwise, and waving. It also offers built-in proximity
detection in sensing approaching or departing object
from the sensor. The PAC7620 is designed with great
flexibility in power-saving mechanism, well suit for low
power battery operated HMI devices. The PAJ7620 is
packaged into module form in-built with IR LED and optics
lens as a complete sensor solution

Key Features

=  Gesture/Cursor/Image modes

=  Built-in proximity detection

= Gesture speed is 60~600°/s in Normal Mode and
60~1200°/s in Gaming Mode

=  Flexible power saving scheme

= Communication interface options

= |2C (for Gesture/Cursor mode)
= 4-wire SPI (for Image mode)
» |’Cinterface up to 400 Kbit/s
=  SPlinterface range from
= 22~48 MHz (Frame subtraction fode)
= 44~48 MHz (Raw data mgde)

=  Ambient light immunity
=  Ambient light noise cancellation

Applications

= PAD Phone
= Tablet Persgnai Gormptten
=  Automobiie Appiication
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Key Parameters

parameter ————vaiGe (V) ]
Array Size 60x60\pixels

Pixel Size | Pax2aum?
Max Frame Rate —T_ﬂ) s @ 240 report rate
Input Clock >_4‘>2Tl\/‘Hzfor SPI Image Out
| M4MHz for SPI raw data mode

Supply Valtakd / /A [DD: 2.8~3.6V

VBUS: 1.8~3.3V

VLED: 3.0™4.2V

“chiyent \_ ) w Operation State:2.82 mA

Gorisumption Standby 1 State: 2.3mA
Standby 2 State: 1.5mA

_Pa:kage Dimensions | 5.2x3x1.88 mm?3

Ordeéring Information

N/ Part Number ‘
PAJ7620U2

Package Type
13-pins LGA Module

— Lead (Pb) Free P
- | RoHS6 fully e’

= compliant
-

For any additional inquiries, please contact us at
http://www.pixart.com/contact.asp.
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1.0 Sensor Overview

1.1 Gesture Mode

For Gesture Mode, there are 9 gestures recognition being embedded in the sensor including move upy mave down, move
left, move right, move forward, move backward, circle-clockwise, circle-counter clockwise, apid-wayves, These gestures
information can be simply accessed by register reading via I°C bus. The normal gesture dgtecting /afgerom 5 to 15 cm
from where PAC7620 is located through the operating view angle of diagonally 60° respectiveiyzAdditionally, The PAC7620
can be configured as Normal Mode (Gesture speed is 60°/s - 600°/s) or Gaming Mode (Gestlne speed’s 60°/s - 1200°/s) for
different applications. The PAC7620 also offer built-in proximity detection for the purpose‘of seénsiing object approaching or
departing.

Table 1. Gesture Detecting Range and View Angle

Part Number Detecting Range View Angle (Diagonal) /
PAJ7620U2 5to15cm 60°

1.2 Image Mode

For image mode, the typical report rate is 120Hz with image siz¢ é€auals'30x22/Frame subtraction mode, WOI) or 30x30
(Raw data mode, WOI). The depth of pixel data depth is 9 bit and owtplt tiirowgh the SPI bus. The SCK rate of SPI bus equals
to the external SPI clock input ranging from 22 to 48 MHz (Framesubtrastion mode) or 44 to 48 MHz (Raw data mode). By
programming the internal register set via 1°C serial control bus, I parforms on-chip report rate, exposure time, gain
adjustment, array skip mode, and array average mode.

1.3  Architecture Block Diagram

2x kip - SPI_MCLK
VDD > - or » SPI_nCS
Power || Sensor Q bit Frame Buffer 30x3Q |  SPI -
VBUS > 2x2 average P . - » SP|_SCK
GND . Block || Array | “WA/D r’ or (Frame subtraction) Master > SPI DATA
B -4 WOl
60X60 A
A N
VLED——— 'R 220 > LED )o@y - o
L ,_: Timing Gen. |«i»| Reg Bank |la—p| 12C [ >
N - scL
__HLED B I@‘—l_ A A
V Interrupt | NT
\i \ 4 \ 4
Obj ect o Gesture
Extraction | Recognition
|
Figure 1. Architecture Block Diagram
1.4 Signal Description
Table 2. Signal Deseription
o vV et
Signal Name Description
SDA 12C data pin
Version 1.2 | 29 Feb 2016 | 41001EN SEE. FEEL. TOUCH.
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SCL 12C clk pin
INT_N Interrupt pin (Active low) for Gesture Mode.
GPIO3(SPI_DATA) Data out of SPI master for image mode
GPIO2(SPI_SCK) SCK signal of SPI master for image mode
GPIO1(SPI_nCS) nCS signal of SPI master for image mode
GPIOO(SPI_MCLK) External clock input of SPI master for image mode

PixArt Imaging Inc.

1.5 Pin Configuration

Table 3. PAJ7620U2 Pin Definition

Pin No. Symbol Type
1 Vaus POWER BUS power supply
2 SDA IN/OUT 12C data pinAQpe HETr'_ln_)_
3 INT_N ouT Interrupt pinvActive Tow) (Open Drain)
4 TESTMD IN For Modul¢ Tess Only
5 SCL IN 12C clackeoin (QperOrain)
6,10 GND GND Grodpa™,
SPI Mode : OUT SPIVIode 'Dara out of SPI master
7 GPIO3 (SPI_DATA) .
GPIO Mode : IN/OUT GFIQ ;’Jo_e : GPIO
SPI Mode : OUT SPI'Mode  SCK signal of SPI master
8 GPIO2 (SPI_SCK) GPIO Mode : IN/OUT |GI—\!O NYode : GPIO
SPI Mode : OUT SPiMiode : Chip select signal of SPI master (Active Low)
° GPIO1 (SPL_nGS) GPIO Mode : IN/OUT,  GPIO Mode : GPIO
11 Vieo POWER~/ .~ VED power input
12 Vop PO\\Z[-’R A Main power supply
SPI Mode “IN SPI Mode : External clock input for SPI
13 GPIOO (SPL_MCLK) GPIQ Mode : TNQUT GPIO Mode : GPIO

Pt} ID
/
E
[ 1]
[0 ]
- {pEg
4115 7

Figure 2. PAJ7620U2 Module Pin Configuration (BTM VIEW)

SEE. FEEL. TOUCH.
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2.0 Mechanical Specifications

2.1 Package Dimension

u
n 1o
n :
— v ®
L o —] — I
o o\ ‘ i
I I
| o
— w
Ul -
(@} ) -l
x I
! o o =
o ‘ = o o
‘E ‘;
b
' Sensor Array
~~ TOP VIEW -~
§ TOLERANCE SIZE:
C % 0.2 | 1y
Yo H000 ] Xty
XX £0.05 1
~~ SIDE VIEW -
Fi . PAJ7620U2 Package Outline Diagram

Version 1.2 | 29 Feb 2016 | 41001EN SEE. FEEL. TOUCH.
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2.2 IR Reflow Recommendation
2.2.1 Recommended Pb-free Solder Paste

= Almit LFM-48W TM-HP
= Senju M705-GRN360-K

2.2.2 IR Reflow Soldering Profile

Temperature profile is the most important control in reflow soldering. It must be fine-tured*d.estaislish a robust process.
The typical recommended IR reflow profile is showed in Figure 4 below.

Reccrornend Reflow Profile ‘
hdeling area..
250 ——
/,,."—‘-\\ |
200 - ’
w
150 NN
= Fre-heat.,
100 AN NS
a0 ' NN Y —/—

0 20 40 &0 20 100 120 140 180 N\180 200 2;0

e | gop /.

Figure 4\ IR-Re&flow Profile

Reflow Profile:
I.  Average Ramp-up Rate (30°C to preheat\zonej: 1.5~ 2.5 Degree C/ Sec)
[I.  Preheat zone:
. Temp ramp from 170~ 200 Hegree C
. Exposure time: 90 +/- 30 s¢C
[ll.  Melting zone:
. Melting area temp/>220 degree C for at least 30 ~ 50 sec
. Peak temperature\: 245 degree C

Version 1.2 | 29 Feb 2016 | 41001EN SEE. FEEL. TOUCH.
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2.3 Recommend Mechanical Design
PXI suggest mechanical design as below to optimize the performance.

[~

Iy
0c'S

‘f
T
A

|
al

<&

80 =

Note:

rial: Glass or PC

1. Recommended Cove

-

o0'e

Sensor Array

Jmm

Air Gap <0.2mm

Cover Glass

7620U2 Mechanical Design Guide

QQ%

Version 1.2 | 29 Feb 2016 | 41001EN
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St ¥'2 goc

2'0 -

Note:

80 =

1. Ifthickness of cover glass <0.7mm, ahd Air,Gan
<0.2mm, the black Ink region is/ist nec¢elsany!

=—0S'T——

For appearance reason, Ink/ol Bower\may be
necessary. Please follow thel IR Mk spettrum

\ above

Sensor Array

ooe
N

Cover Glass <0.7mm
L Air Gap<0.2mm

2.7£0. Imm

= Black Ink Region (Opaque)
!j Cléan Glass for Gesture Sensor

| FR’Ink or Clear Glass for IR LED

2=1.2mm

@ >= 1.8mi
Figure 6yPAJ7620U2 Mechanical Design Guide (IR Ink Suggestion)
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2.4 Recommended IR Ink Spectrum

IR Ink Vendor: Teikoku Ink

==

100 940nm N/
R
M

b

80

: /
NP AP PN

0
380 400 600 800 1000 1200
Wavelengtt@n]

Figure 7. IR Ink%

A
ol
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3.0 Reference Schematics

————OVLED
DD
GPIO0_SPI_MCLK
u1 = o =
PAJ7E20U2 b o [
=
S ]
s 2 o=
10 1
GND VBUS [ OQVBUS
I GPIO1_SPI_nCS ) 2 SDA
— _— GPIO1 \é/ o SDA
SN GPIOZ_SPI_SCK INT_N
2 — £ Grio2 INT_N —
g
=
S 8 o s
& = D ‘@
= = iz = Top wiew
] o] = ¢J<
GPIO3 SPI_DATA
GND
se1
H vBUS
LDO 3.3v LDO 3.3v i Lo
FIN EADI FIN PAD I
o 5 o = )
Z Z Z Z ©° H ki ;| =
o 5 = o= = § R1 R2 R3
_l al = _l =l = 2.2k> 2.2k) 2.2K
SND 3.3v_VI FD SND 3.3v scL i & &
5v 5v | SDA
c2 c3 =
| 1uF | 10uF | 1uF i INT_M
GND GND GND
3.3¥_VLED VLED 3.3V suf
Db
In the p s equence, (1) Slave ID = 0.73
LED peak current ~800mA, VBUS must be spuwer, cn bifore (2) ©Open Drain I/O (Pull high with
VLED must be idependent VDD, At leaft, rusi, bb 2.2k resustir ti VBUS)
power supply. simultaneojslg= (3) Iterrupt pin is active low.

Figure R, PAJ7620U2 Application Circuit
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4.0 Sensor Specifications

4.1 Absolute Maximum Ratings, Ta = 27°C

Parameters Symbol Min. Max. Unit C

Supply Voltage Vop - 4 Vv

LED Supply Voltage Vieo - 4.6 v > V/ ()

LED Pulse Current lLeo - 2 A |Pulse V/."df_h_<?351;_0uty Cycle < 5%
2C Pin, INT_N Pin Voltage Veus 03 Voo+0.3 VvV [scL, SDa, INT N

2C Pin, INT_N Pin Current laus - 10 mA |SCL, SPA, INT-R)

/O Pin Voltage Vooio 03 Voot0.3 V. [SPIACLISPT_SCK, SPI_DATA, SPI_nCS
/0 Pin Current looio - 10 mA |SPIM “CLKNSPI_SCK, SPI_DATA, SPI_nCS
ESD, human body model ESDrawm - 2 kV/ T 5\

ESD, Machine model ESDmm - 200 |_V___|_ :___

Notes:

1. Maximum Ratings are those values beyond which damage to the deviCemay occur.
2. Exposure to these conditions or conditions beyond those indicaiedrmay advelSely affect device reliability.

3. Functional operation under absolute maximum-rated con{itigns, is\not"implied. Functional operation should be
restricted to the Recommended Operating Conditions.

4.2 Recommended Operating Condition

Parameters Symbol Min. Typ. ‘ ‘ Unit Conditions
Supply Voltage Voo 2.8 7N\ 36 %
LED Supply Voltage Vieo 3 C{)]) 42 Vv
. H 0,
Peak LED Driver 1/ 2 Current o i | Mo 430 A Pulse Width < 500us, Duty Cycle < 5%
Pulse [ | \
I2C Pin, INT_N Pin Voltage Vsus 1.8 \| /- 33 V  |SCL, SDA, INT_N
I2C Pin, INT_N Pin Current lsus - | - 5 mA |SCL, SDA, INT_N
. SPIM_CLK, SPI_SCK, SPI_DATA,
I/O Pin Voltage Vooio T_f“ - 33 Y SPI_nCS
SPIM_CLK, SPI_SCK, SPI_DATA
I/o P|n Current |DD\O - - 5 mA — 4 — 4 — Y
- |\ SPI_nCS
Frame \
Frequency of |subtraction | 22 - 48
external SPI  |mode A e MHz
clock input . * [ =
pu Raw data 44 or 22 i 48 If using EXT CLK En=1 and EXT CLK IN
mode =4 MHz
Operating Temperaturea Top -40 - 85 °C
Storage Tempgrature i Tstorage -40 - 125 °C
Version 1.2 | 29 Feb 2016 | 41001EN SEE. FEEL. TOUCH.
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4.3  Electrical Specifications, Vpp=2.8V, Ta = 27°C

Parameters Min. . - Ctions
Supply Voltage Vop 2.8 - 3.6 Vv
LED Supply Voltage Vieo 3.0 - 4.2 V LED Supply Vo!tage_
I2C, INT_N Pin Pull-up Vaus 18 ) 2 v
Voltage

Under'WyrmaiNiode. Including LED
Current PAJ7620U2 loo i 2.82 i mA curreit, (Peak\s/760mA) °
Consumpti.on Average | ) 1 ) A Ex{luding R I£D. 120Hz report rate.
for Operation Mode PD_Avg Mode 752 pixel\average mode
Modes Skip Mode |Ioo, s wose i 0.8 ) A EﬁmglR LED. 120Hz report rate.
12 ski'mode
Suspend Current lop_sus - 15 - l u,\__!—"
Current Consumption for los 511 i 53 i | _m_A_[R:fer to Operating Principle
Standby State 1 - 1. Under Normal Mode
WA |_—_ . 2. Sl, Response Factor =0.5
Current Consumption for oo <t i 15 / | A 3.5, Response Factor =0.25
Standby State 2 - 4. Including LED current @ Peak =
N\ 760mA
Current Consumption for 1. Detecting Rate = 10Hz
Proximity Detection lps 0.2 mA |2. LED peal.< current = 600mA
| 3. LEDontime = 6.8us
I2C Bus Input High Voltage Vin e | 0.7* Vaus N\ Weus +0.3 v
I2C Bus Input Low Voltage Vil 1ac 037 |7 \o A 10.3* Vs v
Output Low Voltage Vor_soa - - 0.1*Veus | V  |For INT_N, SDA
VoL INT_N

I/O Input High Voltage Vin 0.7* V[;—I—_— Vooio +0.3 \Y
I/O Input Low Voltage Vi 2.3 - 0.2* Vopio V
/0 Output High Voltage Von  M/apo- 0.3 - - Vv
/O Output Low Voltage vo AN - 03 v

4.4 Gesture Functional Specifications

Min.  Typ.  Max.  Unit Condition

. Calculated f PAJ7620U2
Gesture Detecting Rafnge | “dor 5 - 15 cm aiculated from sensor
center
Gesture Detectirfgiew . .V
esIUre Detec o ™ > Bop - 60 - degree |Calculated diagonally
Angle
60 600 Angular velocity under Normal Mode
Gesture Speed Respanse w degree/s|Angular velocity under Gamming
60 1200
Mode
Gesture Update Rate fupdate - 120 240 Hz  |120 Hz for Normal Mode
Version 1.2 | 29 Feb 2016 | 41001EN SEE. FEEL. TOUCH.
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240 Hz for Gaming Mode

Integrated Gesture Recognition Sensor

LED View Angle 201 60 degree

PaN
LED Peak Wavelength A 940 nm \\

4.5 Interface AC Specifications
Corrdijtions

Parameters
12C Speed 400 Kbit/s ’
Frequency of External SPI 22 - 48 MHz Fram\%Lth mode
Clock Input 44 - 48 MHz R;{Ng\qu

@
S

Version 1.2 | 29 Feb 2016 | 41001EN SEE. FEEL.
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5.0 Serial Interface Communication

5.1 [I’CInterface

SDA (serial data) and SCL (serial clock) form a two-wire serial interface compatible with 1>C. The PAC7628.is implemented

as a slave-only device so it never drives SCL. It drives SDA during (host) read cycles and transmigSian af the’ Acknowledge

bit. PAC7620 uses 7-bit addressing and does not support clock stretching. The SDA and SGL%in§ Are/Gpen-drain structure

requiring external pull-up resistors.

=  Start and stop condition: SDA high to low transition while SCL is high defines a Start condition. SDA low to high
transition while SCL is high defines a Stop condition. (Refer to Figure 99)

= Valid data: The data on SDA line must be stable during high period of SCL. MSB is dlwaystransferred first for each
byte. LSB of the first byte is Read / Write control bit. (Refer to Figure 1010)

=  Both master and slave can transmit and receive data from the bus.

» Acknowledge: The Receiving device should pull down SDA during high peridd(oft1e\9* clock (SCL) after a complete
byte has been received from the transmitter. In the case of the masteireselving.@aia from the slave, the master does

not generate an Acknowledge bit after the last byte to indicate the end of a'master read cycle.

== =" \
| | -
SDA I\ | /—X i—\ [ /_:7 oAl Y i
I\ « L/ DA < -
[ > ] 1 1
3 > >
SCL T I | I DATA CDQ};\IGE
:_ S _: :_ EJI | STABLE ALLOWED
Start Stop ¥ _/— ﬂ,
Condition Condition :
Y \j Y

Figure 9. Start and Stop Conditions

5.1.1 I°C Protocol

The I2C Slave ID is using 7 bit addressing protoaol} 0x13,0X1B, 0x23, 0x2B, 0x5B, 0x63, 0x6B, 0x73 and default is 0x73.

’ S ISIaveID (7 bit)l W “ Ad:ress (8bit) .
\JSB

Figure 10. Valid Data

Data (8bit) -E

MSB

MSB LSB MSB

Rigure 11. Single Write Protocol

Slave ID (7 bit),

MSB

S | Slave ID (7 bit)] W . Address (8bit) NP
LSB MSB T LSB

MSB LSB MSB

Figure 12. Single Read Protocol

’ S ISIave ID (7 bit){ W .iddn SS. (8b|t)"

S Slave ID (7 b|t)|

MSB LSB M5B

)
|>S | Slave ID (7 bit) W | P
MSB\./

LSB

Version 1.2 | 29 Feb 2016 | 41001EN

LSB

LSB

MSB LSB MSB LSB MSB LsSB

Figure 13. Burst Read Protocol

A Acknowledge (0 for an ACK)
NA Non-acknowledge (1 for an NACK)
P Stop condition

D Master to Slave

Figure 14. I1°C Wake-up command Protocol

S Start condition
W Write (0 for write)
R Read (1 for read)

. Slave to Master

SEE. FEEL.
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5.1.2  I?C Timing Parameter

Parameter

Symbol

STANDARD MODE

PAJ7620U2 Product Datasheet
Integrated Gesture Recognition Sensor

Min.

Max.

SCL clock frequency. foal 10 100 400 kHz
Hold time for Start/Repeat Start. ~N\\/ |

After this period, the first clock pulse is generated. tHosTA 4 o Y Hs
Set-up time for a repeated Start. tsu.sta 4.7 0.6 gi___ s
Low period of SCL clock. tiow 4.7 STRN us
High period of SCL clock. thigH 4 Vo MY 1S
Data hold time. tHp.oAT 0 o s
Data set-up time. tsu.paT 250 U\ Teg ns
Rise time of both SDA and SCL signals. tr IQOQ_J \/ - 300 ns
Fall time of both SDA and SCL signals. tr __%Q_Jr - 300 ns
Set-up time for STOP condition. tsusto 4 0.6 us
Bus free time between a STOP and START. taur 4.7 L 1.3 us

Note: Maximum current is 5mA and capacitance load spec. =100pF

ﬁU.STA
_—

_/%\/IH

90%

tr

10%

Figure 15. I7C Timing Diagram
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s |
5.2  Four-Wire SPI Interface (For Image Mode Only)

5.2.1 SPI Master Protocol

sevcLk - - JIUIUOTUDTUOLoeuy - - JUUDUDUU NN ULUUDL
SPI_nCS T e ﬁ,ij

1 2 3 4 5 6 7 8 9 1 23 4 5 6 7 8 9 182473, NS 60 T RSO

sesck  JfIIINIEOL OOODTAOTRNLE - - - RANONNERL
SPI DATA—————— PXDI _ PXD2 — . Qj ot

MSB LSB MSB LSB MSB LSB

Notes: xxx = 900 for 30x30 (Frame subtraction mode), =3600 for 60x60 (Raw data mode)
Figure 16. SPI Master Protocol

5.2.2 SPITiming Parameter

Parameter Symbol Typ. (measured) m
MHz

SCK clock frequency. (fsex= 1/tp) foek 24 £, \[\Mhi: 4
Low period of SCK clock. tlow 15.5/ ¢ |
High period of SCL clock. thic 12.5 —I
Data output valid time. tvimo) 2030\ j s
Data output hold time. thvo) 0N\ \ V]
Rise time of SCK clock tr 8\,
Fall time of SCK clock tr /— X\
SPI_nCS —\ /7
‘4,,,,,,,,,}? ,,,,,,, o tHIGH
SPI_SCK 0% 90% A~ \-90%
1w A \ 10%f / \dow /
T o™ e
‘ -
N\ tvmo) N\
seuvwes TS ) me X} (T
"0 - [
" tvovo)

Figure 17. SPI Timing Diagram
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6.0 Operation Principles

6.1 Gesture mode
6.1.1 Module Orientation

The sensor module package should be placed in the correct orientation to have the gesture direglion as pengiai! $%AZF

© | ©.%

Down

Figure 18. Module Orientation of PAJ762C\ 2\ Front/Vieyv)

If the sensor module package is rotated to a different angle, the direction @t gestuge detection interrupt flag mask (Register
Bank 0, ADDR 0x41) and gesture detection interrupt flag (Register Barik 0,,ADDR)@x43) needs to be re-mapped.

Bank Address Register Name Default Val #}M De

nterrupt flag mask control.

I Bit[7] Counter-Clockwise Mask

| Bit[6]Clockwise Mask

‘ Bit[5]Backward Mask

b R/W | Bit[4]Forward Mask

Bit[3]Up Mask

Bit[2]Down Mask

Bit[1]Right Mask

Bit[O]Left Mask

Interrupt flag.

Bit[7] Counter-Clockwise

Bit[6]Clockwise

Bit[5]Backward

0 0x43 IntFlag_1 0x00 R/W | Bit[4]Forward

Bit[3]Up
]
]
]

0 0x41 R Int 1 En OxFF

— e e

Bit[2 Down
Bit[1]Right
Bit[O]Left

6.1.2 Power-On Ségdance

In the power-on geauencte, The/Veys Must be power on before Vpp. After power on, wait T, us for PAJ7620U2 to stabilize
and then write/slzve JD)(0x73) to process 12C wake-up (Refer to topic “I°C Interface” ). After T, ps, write the initial settings
and the differert mddes settings to PAJ7620U2. Lastly, enable PAJ7620U2 by writing Register Bank1, AddrOx72 with 0x01.
The gesture data can how be accessed through the I°C bus.

Version 1.2 | 29 Feb 2016 | 41001EN SEE. FEEL. TOUCH.
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VBUS 0.9vBU

VDD | B IOT)VDD
A

| |
| [
1 |
| [
| [
| |
| |
, .
| |
| |
| [
-l —p! !
>
[
|
|
|

B A S W
To Ta : T2
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
1C wake up command |
|

I I
I I

I o
: I Write initial settings t6,PAZ7620
I I

To>0us

T1> 700 us
T>,> 400 us

Figure 19. PAJ7620U2 Power-On Timirig Diagram

6.1.3  Gesture Detection Operating State
6.1.3.1 Operation State (OP state)

When in operation state, the gesture update rate is 120Hz for Normal Mode and 240Hz for Gaming Mode respectively. The
gesture result can be accessed by interrupt mechanism or copiihutus'olling the gesture detection interrupt flag (Register
Bank O, AddrOx43).

Gedture Speed Gesture Update Rate

Normal Mode: 60°/s ~(500Q°/s 120 Hz

Gaming Mode:  /602/s/~1200°7s 240 Hz
OP detection | DF detection ceseeesseeT OP detection

Gesture Detectg@estiure Datected Gesture Detected

L ED pulse peak current 4~LED Pu'ﬂ”
| AN T\ N
L
L EDpulsatentth LED pulselength: 5 ~40us (By AE Setting)

Figure 20. Operation State (OP state) Diagram
6.1.3.2 Standby 1 State/ST stite)

When in Standbyl.stats, the dbjzct detection rate equals Si, response Factor Multiply the gesture update rate of Normal Mode
or Gaming Modg.
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Obj ect Detecting Rate
Normal Mode: (120 XSresponse Facthr HZ , @, Response Factar  8.333/(0.0323 XIDLE S1Step + 3.55)

|
oo |
S1 detection S1 detection S1 detection (|
No Object IDLE S1 No Object IDLE S1 No Qbjecd (| JIBLE S1
A~ LED pulse

L ED pulse peak current

—!

[
LED pulselength

.

L ED pulselenath\5 * 401, s (By AE Setting)

Figure 21. Standby 1 State (S1 state) Diagra

6.1.3.3 Standby 2 State (S2 state)

When in Standby 2 state, the object detection rate equals Sy, respéase Yagormuiltiply the gesture update rate of Normal Mode
or Gaming Mode.

Obj ect Detecting Rate
Normal Mode: (120 XSresponse Facthr HZ , S, Response Factar  &333/(0:Q0645 xIDLE S2 Step + 3.55)
, _ Gaming Mode: (240 %Skesponse Fachr HZ 'S, Response Fa&g—r 4.157/{0.0645 xIDLE S2 Step +3.55)

<_ _______________
l_ —\ N/
S2 Detection | SZ Detection
. a A .
No Object DLES2 1 0 No Object DLES? |
VT
) A~ LED pulse
LED pulse peak cuicent 1 LED pulselength: 5 ~ 401 s (By AE Setting)
|

|
|l
YED juise length |
rigure 22. Standby 2 State (S2 state) Diagram
6.1.3.4 Suspend State (SUS state)

To enter the suspend state, first disdbe the PAC7620 by writing Register Bank 1, ADDR 0x72 with 0x00 then process the I1°C
suspend command by writing Register Bank 0, ADDR 0x03 with 0x01.

To exit the suspend gtatel first prowess the I°C wake-up command by writing the slave ID (Refer to topic “I*C Bus Timing
Characteristics and Pro¥osol”)ithen enable the PAC7620 by writing Register Bank 1, ADDR 0x72 with 0x01.
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1. Disable PAC7620
2. I°C suspend command

1. ’C wakeup command
2. Enable PAC7620

OP detection
Gesture Detecty

Suspend

-

OP detection 'si e'ee
Gestui e Detect]ad

Figure 23. Suspend State (SUS state) Diagram
6.1.3.5 State Machine

Suspend State
(SUS state)

1. Disable PAC7620
2. IPC suspend commapd

1. Disable PAC7620
2. I’C suspend commahd

1. PC wék@up dorhmand
2. Endble PAE 7820

Operation State -\

Qbjest dere$\
™~

Standby 2 State \

(S2 state) /

Standby 1 State
(S1 state)

No object detectey

S1toS2 timesecond
Note:

OPt0S1 time = OR{0S%.step/d206,@ Normal Mode
= OFtoststep240 @ Gamingl®lo

S1toS2 time = SHoSR step/(60.%Rsponse Fach@ Normal Mode
$110S2\step/(120 ¥Ssponse Fach@ Gaming Mode

Figure 24. State Machine of Gesture Detection
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(OP state) / Frames contain no object
N consecutively over
Obiject detected N OPtoS1 timesecond

N.Dfsable PAC7620

£ FC suspend command

Frames contain no object consecutively over
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6.2 Image mode
6.2.1 Output Image Timing
6.2.1.1 30x30, Frame Subtraction Mode

Report rate = 1/T

T
- P
LED LED LED LED LED LED
-ee- OFF ON OFF OFF ON OFF | ~ N\ VY | eeccece--
frame frame frame frame frame frame
Frame |— Fraine
Subtraction : Sublraction

I I
I I
I I
I I
Dump 30x30 pixel data Dump 30x30 pixel data
after frame subtraction/ after frame subtraction
Figure 25. Timing of Output Imagefor 20%30 pixels
6.2.1.2 60x60, Raw Data Mode

Report rate = 1/T

T
-4 — >
LED LED LED |' LED LED LED
cee- OFF ON OFF OFF ON OFF | | eeeecece-
frame frame frame frame | frame frame
| | | |
| | | |
| | | |
| \ | |

I
I
l
| )
Dump 60x60 pixel data | Dump0x60\pixel data Dump 60x60 pixel data | Dump 60x60 pixel data
I
I
I
I

of LED OFF frame of LED OFF{rame of LED OFF frame of LED OFF frame
Dump 60xE.pixeidata Dump 60x60 pixel data
of LEI) ON frame of LED ON frame

Rigure 26. Timing of Output Image for 60x60 pixels
6.2.2 Suspend State

To enter the suspend state, filistidisable the SPI output by writing Register Bank 1, ADDR 0x7E with 0x00. Second, disable
the PAC7620 byAvriting Registér Bank 1, ADDR 0x72 with 0x00 then process the 12C suspend command by writing Register
Bank O, ADDR 9xCG3 with 0xOg.

To exit the suspeid State, first process the 1°C wake-up command by writing the slave ID (Refer to topic “I°C Interface”).
Second, enable the PAC7620 by writing Register Bank 1, ADDR 0x72 with 0x01 then enable the SPI output by writing Register
Bank 1, ADDR Ox7E with 0x01.
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1. Disable SPI output (for Image Mode Only) ~ 1- I'C wakeup command

2. Disable PAC7620 2. Enable PAC7620
3. I’C suspend command 3. Enable SPI output (For Image/Mpde Only)

-
|
OP detection | OP deteciior l Ve oo

Gesture Detect{Gesture Detecig d
Suspend NAN

Figure 27. Suspend State (SUS state) Diagram

6.3 Proximity Detection Mode

Refer to Figure 2828 on how to set the Proximity Sensing (PS) hysteresis window ahd thé interrupt mechanism of
proximity detection.
8§ bit PS data

—————————————— 714 ——— PS High Thd N ;
So=l__ PSLowThd

|
|
—— e e T — - —— s Ealstat el S e e e e s il el N N T o
I AN N |
| |
1 N\ |
PS Approach
I I
| |
I I
| |
I |
e e |
PS Int. Flag —I' ;
| . i
| I
i wa I
INT_N pin state - [= -
NA |

Figure 28.\roximity Sensing Functional Diagram
6.3.1 Proximity Detection Operating'State
6.3.1.1  Proximity Operation StatedPS-QP state)

When in operation state, the ypdate pate is 10Hz and the LED on time is 8us. The LED peak current is 760 mA.

One PS, repertiperiody |
£ vo0ris #\\ LED pulse on time = 8us
Figure 29. Proximity Operation State (PS OP state) Diagram
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6.3.1.2 Suspend State (SUS state)

1. Disable PAC7620 1. ’C wakeup command
2. I’C suspend command 2. Enable PAC7620

PS Operation | PS Operation -
Gesture Detect{Gesture Detectg
Suspend
Figure 30. Suspend State (SUS state) Diagram
6.3.1.3 State Machine @

Suspend State
(SUS state)

1. Disable PAC7620 mmand

Figure 31. f Proximity Detection
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7.0 Register Tables

7.1 Register Bank Select

Bank Address Register Name Default Value @ R/W Descri

Register Bank Select,
0/1 OxEF R_RegBankSel[0] 0x00 R/W | O: Register Bagpk O
1 : Register Bani/1
Register Bank Select.
1 Ox7F R_RegBankSel[0] 0x00 R/W | O: Register Bank'®
1 : Registér Bank

7.2  Image Size Setting

Bank Address Register Name Default Value R/ \‘w

0 OxAA R_ImageHeight[5:0] Ox1E R/W_'l DSR Image vertical size
0 OxAB R_ImageWidth[5:0] Ox1E R/W | DSP irpage horizontal size
1 0x00 Cmd_HSize[5:0] Ox1E |_r?m Frorizontal size

1 0x01 | Cmd_VSize[5:0] Ox1E  \ MR/w  Vertical size

1 0x02 | Cmd_HStart[5:0] 0x00 ;RE+Horizonta| start point
1 0x03 Cmd_VStart[5:0] 0x00 ___J_RA/V Vertical start point

1 0x04 Cmd_ASkip_VI[5] 0x0% R/W | Analog vertical skip

1 0x04 Cmd_ASkip_H[4] 0x01 t_} R/W Analog horizontal skip
1 0x04 Cmd_DAvg V(3] 000 R/W | Digital vertical average
1 0x04 | Cmd_VFlip[1] — Yoxao) ) | R/W | Vertical flip

1 0x04 Cmd_HFlip[0] [ i X586 R/W | Horizontal flip

7.3 Setting 30x30 Pixels Image Output Mode

Bank Address Bit ‘ ‘ 2x skip mode 2x2 average mode WOI mode
0 OXAA 5:0 30 30 30
0 OXAB 50 N\ T 30 30 30
1 0x00 5.0~ |\ 30 30 30
1 0x01 S50 30 60 30
1 0x02 50 /| 0 0 15
1 0x03 150, 0 0 15
1 C 0 1 0
1 e 0 0 0
1 , NVs 1 0 0
1 o) WV 1 1 0
1 3 0 1 0
1 2 0 0 0
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