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Data Sheet

PAW3335DB-TZDU: Low Power Optical Gaming Navigation Chip

General Description

PAW3335DB-TZDU is PixArt Imaging's new low power
gaming navigation chip suitable for wired and wireless
gaming application. It has the latest state-of-the-art low-
power architecture and automatic power management
modes, making it ideal for battery-operated, power-
sensitive cordless gaming devices. It provides excellent
gaming experience with the features of high speed and
high resolution even in low power mode to fulfill gamers’
need. It is packaged in an 8pin staggered dual-in-line
package (DIP) and designed to be used with LOAC-LSG1
lens to achieve optimum performance.

Key Features

= Low power consumption of typical 1.7mA @ run mode
= Programmable rest modes
= Small form factor PDIP 8L molded lead-frame package
= Operating Voltage: 1.80V - 2.10V
= High speed motion detection 400ips and acceleration
40g
= Selectable resolutions up to 16000cpi
= Three-wire serial port interface (SDIO)
= |nternal oscillator — no clock input needed
= Customizable response time and downshift time for rest
modes
= Angle snapping
= Lift detection options
= 1mm setting
= 2mm setting

Applications

= Wired and wireless Gaming Optical Mouse
= Trackball application
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Key Parameters

Value
VvDD: 1.80 —2.10V

Parameter
Power Supply Voltage (V)

Interface 3-wire Serial Peripheral
Interface
Supply Current @ VDD = | Run: 1.7 mA

1.9V Power Down: 3uA
Note: includes LED

current

Resolution (cpi) Up to 16000
Tracking Speed (ips) 400

Acceleration (g) 40

Package Type (mm) 8LPDIP,9.9x12.85x6.1

Ordering Information

Part Number Package Type

PAW3335DB-TZDU 8L PDIP
LOAC-LSG1 Small Trim Lens

RoHS ‘e.
compliant d

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

SEE. FEEL. TOUCH.
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1.0 Introduction

1.1 Overview

PAW3335DB-TZDU is based on Optical Navigation Technology, which measures changes in position by optically acquiring
sequential surface images (frames) and mathematically determining the direction and magnitude of movement.
PAW3335DB-TZDU contains an Image Acquisition System (IAS), a Digital Signal Processor (DSP), and a three-wire serial port.
The IAS acquires microscopic surface images via the lens and illumination system. These images are processed by the DSP
to determine the direction and distance of motion. The DSP calculates the AX and AY relative displacement values. An
external microcontroller reads and translates the AX and AY information from the chip serial port into PS2, USB, or RF signals
before sending them to the host PC.

Note: Throughout this document PAW3335DB-TZDU is referred to as the chip.

PAW3335DB
VDD 3] .
§ & NCS
VDDREG S %
i g PICTURE 2 SCLK
% ELEMENT ARRAY E
g < SDIO
2 :
DSP .
-
E MOTION
o3 “
Y e OSCILLATOR
LED

Figure 1. Functional Block Diagram

1.2 Terminology

Term Description

DSP Digital Signal Processing
LED Light Emitting Diode
NCS Chip Select
VDDREG LDO output for digital core
VDD Supply voltage
SCLK Serial Clock
SDIO Serial Data In & Out
SPI Serial Peripheral Interface
GND Ground
MOTION Motion Detect
Version 1.12 | 01 Mar 2019 | 11032EN SEE. FEEL. TOUCH.
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Pins Description

Table 1. PAW3335DB-TZDU Pins Description

AAAA

(

Date Code

Part Numbel—/

Figure 2. Pin Configuration

Pin No. Name Type Description
LED Input LED lllumination Control input
2 VDDREG Power LDO output (only for sensor internal usage).
3 VDD Power Power supply
4 SCLK Input Serial clock input
5 MOTION Output Motion Detect
6 GND Gnd Ground
7 SDIO Input/Output Serial data in/out
8 NCS Input Chip select (active low)

Version 1.12 | 27 June 2019 | 11032EN
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2.0 Operating Specifications

2.1 Regulatory Requirements

= Passes FCC “Part15 Subpart, Class B”, “ICES-003:2016 Issue 6, Class B” and “ANSI C63.4:2014” when assembled into a
mouse with shielded USB cable using ferrite bead and following PixArt’s recommendations.
=  Passes IEC 62471:2006 Photo biological safety of lamps and lamp systems.

2.2 Absolute Maximum Ratings

Table 2. Absolute Maximum Ratings

Parameters in. . Unit |Notes

Storage Temperature Ts -40 85 °C

Lead Solder Temperature TsoLper 260 °C For _10 seconds, 1.6mm below
seating plane

Supply Voltage Vop -0.5 2.1 V' |Including Vna of 100 mV,,

ESD ESDusm 2 kV|All pins, Human Body Model

Input Voltage Vin -0.5 VDD vV |All'1/O pins

Notes:

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are the
stress ratings only and functional operation of the device at these or any other condition beyond those indicated for extended
period of time may affect device reliability.

2. The maximum ratings do not reflect eye-safe operation.

3. Theinherent design of this component causes it to be sensitive to electrostatic discharge. The ESD threshold is listed above. To
prevent ESD induced damage, take adequate ESD precautions when handling this product

2.3 Recommended Operating Conditions
Table 3. Recommended Operating Conditions

Description in. . . it Notes
Operating Temperature Ta 0 40 °C
Power Supply Voltage Vbp 1.8 1.9 2.1 V  |Including Vnaof 100 mV,y
Power Supply Rise Time trr 0.15 20 ms |0 to Min. VDD
Supply Noise Via 100 MVpp [10kHz — 75MHz
Serial Port Clock Frequency fseix 8 MHz |Active drive, 50% duty cycle
Distance from Lens
Reference Plane to Tracking z 2.20 2.40 2.60 mm
Surface
Speed S 400 ips  |PixArt standard gaming surfaces
Acceleration A 40 g Ir? run mode _
PixArt standard gaming surfaces
Load Capacitance C. 20 pF |SDIO, MOTION
Lift Cutoff Imm setting Liftzmm 1 mm |LOAC-LSG1
Lift Cutoff 2mm setting Liftamm 2 mm |LOAC-LSG1

Note: PixArt does not guarantee the chip performance if the operating temperature is beyond the specified limit.

Version 1.12 | 27 June 2019 | 11032EN SEE. FEEL. TOUCH.

PixArt Imaging Inc. http://www.pixart.com
All rights reserved. Any portion in this paper shall not be reproduced, copied, or transformed to any other forms without permission.




PAW3335DB-TZDU Product Datasheet

PixArt Imaging Inc. Optical Gaming Navigation Chip

2.4 Thermal Specifications
Table 4. Thermal Specifications

Parameters Max. Unit |Notes
Storage Temperature Ts -25 - 80 °C
For 1 1. |
Lead-free Solder Temperature Tp - - 260 °C or .0 seconds, 1.6mm be ow
seating plane for wave soldering

2.5 DC Characteristics
Table 5. DC Electrical Specifications
Parameters

Condition

lpp_ruN 1.7 mA  |Average Run current
DC Supply Current in various
modes
lop_ResT1 610 uA
\ ncludes | lop_ResT2 25 uA
ote: Includes lgp
loo_resr 5 UA" INo load on SDIO & MOTION
Power Down Current lpp 3 uA
0.3*
Input Low Voltage Vi V SCLK, SDIO, NCS
VDD
Input High Voltage ViH 0.7* VDD Vv SCLK, SDIO, NCS
Input Hysteresis Vi Hys 100 mV  [SCLK, SDIO, NCS,
Input Leakage Current LAk 1 +10 uA Vin=VDD or OV, SCLK, SDIO,
NCS
Output Low Voltage VoL 0.45 Vv loutr = ImA, SDIO, MOTION
Output High Voltage Vou VDD-0.45 vV loutr =-1mA, SDIO, MOTION
Input Capacitance Cin 10 pF  |SCLK, SDIO, NCS

Note: All the parameters are tested under recommended operating conditions. Typical values at 25 °C, Vpp = 1.9 V & LED current = 24mA

Version 1.12 | 27 June 2019 | 11032EN
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2.6 AC Characteristics
Table 6. AC Electrical Specifications

Parameters in. Typ. ‘ \EVE Unit Conditions

From reset to valid motion,

Motion Delay After Reset tmOT-RST 50 ms . o
assuming motion is present
From Shutdown mode active to low
Shutdown t 500 ms current
STOWN This timing could be affected by
Rest3 period
From Shutdown mode inactive to
valid motion.
Notes: A RESET must be asserted
Wake up from Shutdown t 50 ms
P WAKELP after a shutdown. Refer to section
“5.2 Power Down Sequence”, also
note tmor-rst.
SDIO Output Rise Time tr-spio 6 ns |C.=20pF
SDIO Output Fall Time tr.spio 6 ns |CL=20pF
From SCLK falling edge to SDIO
SDIO Output Delay After SCLK toLy-spio 38 ns |output data valid
C|_ = ZOpF
. Data held until next falling SCLK
SDIO Output Hold Time thold- spio 31.25 ns
edge
. . Amount of time data is valid after
SDIO input Hold Time thold-spioinput | 31.25 ns SCLK rising edge
SDIO input Setup Time toetup-spiginput | 31.25 ns |From data valid to SCLK rising edge
SPI Time Between Write Erom rising SCLK fo.r.last bit of the
tsww 5 us  [first data byte, to rising SCLK for

Commands last bit of the second data byte.

From rising SCLK for last bit of the
tswr 5 us |1st data byte, to rising SCLK for last
bit of the second address byte

From rising SCLK for last bit of the

SPI Time Between Write And
Read Commands

25&23;}?2’;;;2?2 g tts;;v: 2 us |1st data byte, to falling SCLK for the
1st bit of data being read.
From rising SCLK for last bit of the
SPI Read Address-Data Delay tsraD 2 us |address byte, to falling SCLK for the
1st bit of data being read.
NCS Inactive After Motion ; 500 s Minimum NCS inactive time after
Burst BexT motion burst before next SPI usage
NCS To SCLK Active N 120 NS From last NCS falling edge to 1st

SCK rising edge.

Version 1.12 | 27 June 2019 | 11032EN SEE. FEEL. TOUCH.
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Parameters in. . Conditions
SCLK To NCS Inactive SDIO From last SCLK rising edge to NCS
Read TSCLK-NGS read 120 ns |rising edge, for valid SDIO data
transfer
SCLK To NCS Inactive SDIO From last SCLK rising edge to NCS
Write tSCLK-NCS write 1 us |rising edge, for valid SDIO data
transfer
F NCS risi to SDIO high-
NCS To SDIO High-Z trcs-5010 500 ns Zr:tr:te rising edge to 's

Max supply current during the
supply ramp from OV to Vpp with
Transient Supply Current IDDT 70 mA |[min 150us and max 20ms rise time.
(Does not include charging currents
of bypass capacitors)

Note: All the parameters are tested under recommended operating conditions. Typical values at 25 °C & VDD=1.9V

Version 1.12 | 27 June 2019 | 11032EN SEE. FEEL. TOUCH.
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3.0 Mechanical Specifications

3.1 Mechanical Dimension
Table 7. Package Dimensions

Parameters Nominal Min. \ Max. Unit
Package Body Dimension X 9.90 9.80 10.00 mm
Package Body Dimension Y 9.10 9.00 9.20 mm
Package Width (inclusive pins) 12.85 12.35 13.35 mm
Lead Length 5.15 5.05 5.25 mm
Lead Pitch 2.00 1.85 2.15 mm
Total Lead Count 8 - - -
Lead Offset 1.00 - - mm
Lead Width 0.50 0.40 0.60 mm
Hole Diameter 0.70 0.65 0.75 mm
Center of Hole from edge of body X 4.55 4.45 4.65 mm
Center of Hole from edge of body Y 3.92 3.82 4.02 mm
12.85
000 e 0506 (At Shoulder)
0390 5|3 91 5IE 2[5 ¢/
0.358 Te TS el
B
e T
‘900 = 1 —
Lead Wi~ 1,00 . T
ead eth 0020 H— Lead Offset ~—— B
0.039
Lead Pitch 20 12.85 050 )
0.079 0506 ~om (At lead i) SECTION B-B
Pin 1
412 =05 é Notes:
2 0.162 =002 ﬁ ﬁ m /Protective 1. Dimensions in millimeter / inches.
= Kapton Tape 2. Dimensional tolerance: = 0.1mm.
| %\ 3. Coplanarity of leads: 0.1mm.
V K 4. Lead pitch tolerance: = 0.15mm.
=2 ‘ 'g ~ 5. Non-cumulative pitch tolerance: = 0.15mm.
0.70 o005 6. Angular tolerance: + 3° .
? E t; ﬁ EL(D 0.028 0002 7. Maximum flash: 0.2mm.
392 Clear Optical Path 8. Brackets () indicate reference dimension.
0.154 9. Document Number: LED_SPC_8C_PKG_009

Figure 3. Package Drawing Outline
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3.2 Assembly Drawings

12.60
[0.496] T\ . l/
Al
©0.80 2.00

N = o= +% wT oY oF .
85 -§ 25 38 288 g8 8%
) S ) 8585 S )
 _ 1
[
o
+—
0.30
"5 Pin #1 [0.012]
o0 \ [0}
| o i 0.000
() oo L7 75 2.25
1.37 [0.089]
2] [0.054] :
3 2 1 502
(@) [0.248] { % [0.198]
2 11.22 /é/ N\ [06.22;8]
“— [0.442] }ﬁ \ - 4
(@] [0.298]
1035
) [0.407]
c
O
—
L

— .
c Optical Center \—Cleor Zone [(\)2532]
(@] [0.031] [0.079] 2X $0.80
— [0.031]
+— Optional hole for
= alignment post if used
o
— 3X $3.00
[0.118]

2 2 Notes:
1. Dimensions in milimeters/inches.
2. View from component side of PCB
(or top view of mouse)

Figure 4. Recommended chip orientation, mechanical cutouts & spacing (Top View)

J L \¥—SURFACE
1.85
[0.073]

< [a)
¢% BR
Yo Yo LENS REFERENCE PLACE

Note:
A -Distance from ok ject surface to lens reference place

B -Distance from ok ject surface to Chip reference place

Figure 5. Distance from Lens Reference Plane to Surface
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.|

TOP VIEW [??3'?5}

13.10
[0.516]

Gap Between Chip Package and Top of PCB

— 0.05
[0.002] chip L LED LED Cli
ens
w Alignment Post
PCB (Optional)
N A 1
1 10.34+0.2 LED Center ( 13.24 )7op of LED Flange
| . ] [0.407+0.008] [0.521]
[ , NATAE AN ‘ . f
L \ Base Plate
2.40 Lens Reference Plane to Surface L
10.60 [0.09] Navigation Surface
~ [042] | 7.45 Top of PCB to Surface

[0.29]

Figure 6. 2D Assembly

Note: The LED should be bent 90 degree with LED flange touching the PCB.

SEE. FEEL. TOUCH.
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LED Clip

Chip

Customer
supplied PCB

Lens

Custpmer supplied
base plate with
recommended
alignment features
per IGES drawing

Figure 7. 2D Mouse Assembly
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22.76
[0.896]
@ M L
ﬁLogo
A
A —_
i ( | TE
A ’_AJ_\‘ LK) ] 1
Cavity No. Lens Revision
Lens Surface 3
Lens Surface 4
Lens Surface 1
8.45 I~ 6.53 ] )
<[o.333]> § § [0.257] L%)};sél;x] at tip
g% 24
e3 =
&7 77777777
] \ 1 <
T 1T 1 T A Lens Surface 5 SCDEI/E‘%(?:W
— = — Lens Surface 7
3288 85 Lens Surface 6
Y8 ~s °s SECTION AA Lens Surface 2
Notes:
1.0 Dimension in milimeters [inches]
2.0 General dimension tolerance: +0.10mm
unless specified otherwise
3.0 Angular folerance: +3.0°
4.0 Maximum flash: 0.20mm
5.0 Bracket ( ) indicates reference dimension
6.0 Optical details removed
7.0 Document Number: LOAC-LSG-G8_003
Figure 8. LOAC-LSG1 Lens Outline Drawing
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8.38
[0.330]
6.88

[0.271] 4.50
[0.177]

Optical Center

/7Mouse Feet (X4)

2298 —=
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3.00
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* + [0315] Y ‘;zﬂé“v};
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11— /
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1620 556 : $843

R1.00 R4.00
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[0.094]

4 7 £ T
Surrounding Mouse Feet—/ \Nov'\goﬂon surface

SECTION B-B
SCALE2:1

Figure 9. Recommended Base Plate Design with LOAC-LSG1 Lens

3.3 Package Marking
Refer to Figure 2. Pin Configuration

Table 8. Code Identification

Code
Product Number

Marking
PAW3335DB-TZDU

Description
Part number label

Lot Code

YYWWXXXXX

YYWW=Date code
XXXXX= PixArt Reserved

Version 1.12 | 27 June 2019 | 11032EN
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4.0 System Level Description

4.1 Reference Application Schematic Diagram

VDD_1.9V

ij
| 10uF |100nF
VLEI:I

T RL[D Dl )/' wcg
I‘ AVAV e € L] e Nes =2 ——
=05 IR_LED 2 7 MISO
33uF - VDDREG SDIO ——
= 2 voo GND [ M
SCLK 4 SCLK MOTION

| -I.?LlF)’I(I‘Vl 100nF

Figure 10. PAW3335DB-TZDU Reference Mouse Schematic

PixArt recommends to use HSDL-4261IR LED with the PAW3335DB-TZDU chip. Table 9 shows the recommended value of
Riepand Vigp to obtain 24mA current for LED. Recommend to use Riep with 1% tolerance.

Table 9. Recommended Riep

Recommended R (Q)

Table 10 shows the recommended value of R1 for 2MHz, 4MHz and 8MHz of serial port clock frequency. Recommend to
use R1with 1% tolerance.

Table 10. Recommended R1

Serial Port Clock Recommended R1 (Q)

Frequency (MHz)

2 3.3k

4 1.0k

8 240
Version 1.12 | 27 June 2019 | 11032EN SEE. FEEL. TOUCH.
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4.2 PCB Assembly Recommendation

1.
2.

Insert the integrated chip and all other electrical components into PCB.
Wave-solder the entire assembly in a no-wash solder process utilizing solder-fixture. A solder-fixture is required to
protect the chip from flux spray and wave solder.
Avoid getting any solder flux onto the chip body as there is potential for flux to seep into the chip package. The solder
fixture should be designed to expose only the chip leads to flux spray & molten solder while shielding the chip body and
optical apertures. The fixture should also set the chip at the correct position and height on the PCB.
Place the lens onto the base plate. Care must be taken to avoid contamination on the optical surfaces.
Remove the protective kapton tapes from optical apertures of the chip. Care must be taken to prevent contaminants
from entering the apertures. Do not place the PCB with the chip facing up during the entire product assembly process.
Hold the PCB vertically when removing kapton tape.
Remove the protective kapton tapes from optical apertures of the chip. Care must be taken to prevent contaminants
from entering the apertures. Do not place the PCB with the chip facing up during the entire mouse assembly process.
Hold the PCB vertically when removing kapton tape.
Insert PCB assembly over the lens onto the base plate aligning post to retain PCB assembly. The chip package will self-
align to the lens via the guide posts. The optical position reference for the PCB is set by the base plate and lens. Note
that the PCB motion due to button presses must be minimized to maintain optical alignment.
Install mouse top case. There must be a feature in the top case to press down onto the PCB assembly to ensure all
components are stacked or interlocked to the correct vertical height
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5.0 Power States & Sequence

5.1 Power-Up Sequence

Although the sensor performs an internal power up self-reset, it is still recommend that the Power_Up_Reset register is written every
time power is applied. The appropriate sequence is as follows:

Apply power to VDD.

Wait for 50mes.

Drive NCS high, and then low to reset the SPI port.

Write Ox5A to Power_Up_Reset register.

Wait for at least 5ms.

Load Power-up initialization register setting.

Read from registers 0x02, 0x03, 0x04, 0x05 and 0x06 one time regardless of the motion bit state.

Ny s wN e

5.2 Power-Up Initialization Register Setting

- Write register 0x40 with value 0x80
- Write register Ox55 with value 0x01
- Wait for at least 1ms

- Write register Ox7F with value OXOE
- Write register 0x43 with value 0x1D
- Read register 0x46 and store in Var“R1”
- Write register 0x43 with value Ox1E
- Read register 0x46 and store in Var“R2”
- Write register Ox7F with value 0x14
- Write register Ox6A with value “R1”
- Write register Ox6C with value “R2”
- Write register Ox7F with value 0x00
- Write register Ox55 with value 0x00
- Write register Ox4E with value 0x23
- Write register Ox77 with value 0x18
- Write register Ox7F with value 0x05
- Write register 0x53 with value 0x0C
- Write register Ox5B with value OxEA
- Write register 0x61 with value 0x13
- Write register 0x62 with value 0x0B
- Write register Ox64 with value 0xD8
- Write register Ox6D with value 0x86
- Write register Ox7D with value 0x84
- Write register Ox7E with value 0x00
- Write register Ox7F with value 0x06
- Write register 0x60 with value 0xBO
- Write register Ox61 with value 0x00
- Write register Ox7E with value 0x40
- Write register Ox7F with value OxO0A
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- Write register Ox4A with value 0x23
- Write register Ox4C with value 0x28
- Write register 0x49 with value 0x00
- Write register Ox4F with value 0x02
- Write register Ox7F with value 0x07
- Write register 0x42 with value 0x16
- Write register Ox7F with value 0x09
- Write register 0x40 with value 0x03
- Write register Ox7F with value 0x0C
- Write register 0x54 with value 0x00
- Write register Ox44 with value 0x44
- Write register Ox56 with value 0x40
- Write register 0x42 with value 0x0C
- Write register 0x43 with value OxA8
- Write register Ox4E with value 0x8B
- Write register 0x59 with value 0x63
- Write register Ox7F with value 0xOD
- Write register Ox5E with value 0xC3
- Write register Ox4F with value 0x02
- Write register Ox7F with value 0x14
- Write register Ox4A with value 0x67
- Write register Ox6D with value 0x82
- Write register 0x73 with value 0x83
- Write register Ox74 with value 0x00
- Write register Ox7A with value 0x16
- Write register 0x63 with value Ox14
- Write register 0x62 with value Ox14
- Write register Ox7F with value 0x10
- Write register 0x48 with value OxOF
- Write register 0x49 with value 0x88
- Write register 0x4C with value 0x1D
- Write register Ox4F with value 0x08
- Write register Ox51 with value Ox6F
- Write register 0x52 with value 0x90
- Write register 0x54 with value 0x64
- Write register Ox55 with value OXFO
- Write register Ox5C with value 0x40
- Write register 0x61 with value OxEE
- Write register 0x62 with value OxE5
- Write register Ox7F with value 0x00
- Write register Ox5B with value 0x40
- Write register 0x61 with value OxAD
- Write register 0x51 with value OxEA
- Write register 0x19 with value Ox9F
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- Read register 0x20 at 1ms interval until OxOF is obtained of read up to 55ms, this register read interval must be
carried out at 1ms interval with timing tolerance of +/- 1%.
- Write register 0x19 with value 0x10
- Write register Ox61 with value 0xD5
- Write register 0x40 with value 0x00
- Write register Ox7F with value 0x00
- Write register 0x77 with value Ox2F
- Write register Ox7F with value 0xOD
- Write register Ox4E with value Ox6B
- Write register Ox7F with value 0x05
- Write register 0x44 with value OxA8
- Write register Ox4A with value Ox14
- Write register Ox7F with value 0x00
- Write register Ox4F with value 0x46
- Write register 0x4D with value 0xDO

During power-up there will be a period of time after the power supply is high but before any clocks are available.
The table below shows the state of the various pins during power-up and reset.

Table 11. State of Signal Pins after VDD is Valid

Pin After Reset

NCS Functional

SCLK Depends on NCS

SDIO Depends on NCS

XYLED Functional

Version 1.12 | 27 June 2019 | 11032EN SEE. FEEL. TOUCH.
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5.

3 Power-Down Sequence

tion Chip

PAW3335DB-TZDU can be set in Shutdown mode by writing to Shutdown register 0x3B with value 0xB6. The SPI port
should not be accessed when Shutdown mode is asserted, except the power-up command (writing Ox5A to register Ox3A).
Other ICs on the same SPI bus can be accessed, as long as the chip’s NCS pin is not asserted.

To de-assert Shutdown mode:

1.

v W

Drive NCS high, and then low to reset the SPI port.

Write Ox5A to Power_Up_Reset register.

Wait for at least 5ms.

Load power up initialization register setting as per Section 5.0, step 6.

Read from registers 0x02, 0x03, 0x04, 0x05 and 0x06 one time regardless of the motion bit state.

Table 12. Status during Shutdown Mode

Pin Status during Shutdown Mode
NCS High *!

SCLK Ignore if NCS = 1 *?

SDIO Ignore if NCS = 1*3

XYLED High

*1. NCS pin must be held to 1 (high) if SPI bus is shared with other devices. It must be held to 1 (high) during Shutdown

unless powering up the chip. It must be held to 0 (low) if the chip is to be re-powered up from shutdown (writing Ox5A to
register Ox3A).

*2.SCLK is ignored if NCS is 1 (high). It is functional if NCS is O (low).
*3. SDIO should be pulled up during Shutdown in order to meet the low power consumption specification in the data sheet.
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6.0 Serial Peripheral Interface Communication

6.1 Signal Description

The synchronous serial port is used to write and read parameters in the chip. The port is a three wire serial port. The host
micro-controller always initiates communication and the chip never initiates communication. SCLK, SDIO & NCS may be
driven directly by a micro-controller. The port pins cannot be shared with other SPI slave devices. When the NCS pin is
high, the inputs are ignored.

The lines that comprise the SPI port:

Pin Description

SCLK Clock input, generated by the master (microcontroller).

SDIO Input/output data

NCS Chip select input (active low). NCS can also be used to reset the serial port in the event of an error

6.2 Motion Bit Timing

The motion bit is an output that signals the micro-controller when motion has occurred. The motion bit turns to “1”
whenever the motion is detected; in other words, whenever there is non-zero data in the Delta_X_L, Delta_X_H,
Delta_Y L or Delta_Y_H registers. Clearing the motion bit by reading MOTION registers will set the Motion bit back to “0”.

6.3 Chip Select Operation

The serial port is activated after NCS goes low. If NCS is raised during a transaction, the entire transaction is aborted and
the serial port will reset. After a transaction is aborted, the normal address-to-data or transaction-to-transaction delay is
still required before beginning the next transaction. In order to improve communication reliability, all serial transactions
should be framed by NCS.

In other words, the port should not remain enabled during periods of non-use because ESD and EFT/B events could be
interpreted as serial communicationand set the chip into unknown state. In addition, NCS must be raised after each
burst-mode transaction is complete to terminate burst-mode. The port is not available for further use until burst-mode is
terminated.
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6.4 Write Operation

Write operation is defined as data going from the micro-controller to the chip. It is always initiated by the micro-controller
and consists of two bytes. The first byte contains the address (seven bits) and has a “1” as its MSB to indicate write
sequence. The second byte contains the data. The chip reads SDIO on the rising edges of SCLK.

NCS \

CYCLE# [ 1 [2 [3 [4 [5 [6 [7 [8 [9 [10 [11 [12 [13 [14 [15 [ 16 | LT 1]
AN AY AV AYAYAYAVAYAYAYAYATAYATAYAYS \ /\ /[
SDIO 1 A6 A5 X Ad A3 A2 Al X AO D7 X D6 D5 X D4 D3 X D2 D1 X DO 1 A6

~

SDIO DRIVEN BY MICRO-CONTROLLER

Figure 11. Write Operation

sck \ £\
sbio X X

thold-sdio

& »
< »

t

setup-sdio

Figure 12. SDIO Setup & Hold Time during write operation
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6.5 Read Operation

A read operation is defined as data going from the chip to the microcontroller. It is always initiated by the microcontroller
and consists of two bytes. The first byte contains the address, is sent by the microcontroller over SDIO and has a “0” as its
MSB to indicate data direction. The second byte contains the data and is driven by the chip over SDIO. The chip outputs
SDIO bits on falling edges of SCLK and samples SDIO bits on every rising edge of SCLK.

NCS T\ F
CYCLE # [T [ 2] 3] 456 7] 8 [9 [10]1M[12]13] 14715716 |
SCLK \Tavavaia ' YaVaVaVaVavs

SDI0 = X0 X A6 X A5 X A4 X A3 XAz X AT X A0 )+

tsweo DELAY

Figure 13. Read Operation

SCLK

thold-sdio
tay-sdio —»| |¢— —>

SDIO :X D, )_(

Figure 14. SDIO Delay & Hold Time during read operation

Note: The high state of SCLK is also the SDIO data hold time of the chip. The falling edge of SCLK is the start of the next read or write
command, the chip will hold the state of data on SDIO until the falling edge of SCLK.
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6.6 Required Timing between Read and Write Commands
Required timing between Read and Write Commands (tex).

PixArt Imaging Inc.

There are minimum timing requirements between read and write commands on the serial port.

tsww
. ADDRESS . DATA . ADDRESS DATA
Y
WRITE OPERATION WRITE OPERATION

Figure 15. Timing between two Write commands

If the rising edge of the SCLK for the last data bit of the second write command occurs before the required delay (tsww),
then the first write command may not complete correctly.

tSWR J
SCLK
Address Data Address
\ / \
\"4 Vv
Write Operation Next Read
Operation

Figure 16. Timing between Write & Read commands

If the rising edge of SCLK for the last address bit of the read command occurs before the required delay (tsws), the write
command may not complete correctly.

tsrw & tsae
tsran  for read

—»

<
-«

A

s ULUUUULLY

« Address Data , \Address
¥ Next Read or

Write Operation

Read Operation
Figure 17. Timing between Read & Subsequent Write or Read commands

If the rising edge of SCLK for the last address bit of the read command occurs before the tswr required delay, the write
command may not be completed correctly. During a read operation SCLK should be delayed at least tsrap after the last
address data bit to ensure that the chip has sufficient time to prepare the requested data.

The falling edge of SCLK for the first address bit of either the read or write command must be at least 2us after the last SCLK
rising edge of the last data bit of the previous read operation. In addition, during a read operation SCLK should be delayed
after the last address data bit to ensure that the chip has sufficient time to prepare the requested data.
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6.7 Burst Mode Operation

Burst mode is a special serial port operation mode which may be used to reduce the serial transaction time for predefined
registers. The speed improvement is achieved by continuous data clocking to or from multiple registers without the need
to specify the register address and by not requiring the normal delay period between data bytes.

—bl |-4— tsrap

i yrst Regster res s
Mation_Burst Register Addres Read First Byte

\ !\ I\ /

W W W
First R ead Operstion Read Second Byte Read Third Byte

Figure 18. Motion Burst Timing
Motion Burst Read
Reading the Burst_Motion_Read register activates this mode. The chip will respond with the following motion burst

report in order. Motion burst report:
BYTE[0O] = Motion

BYTE[0O1] = Chip_Observation
BYTE[02] = Delta_X_L
BYTE[03] = Delta_X_H
BYTE[04] = Delta_VY_L
BYTE[O5] = Delta_Y_H
BYTE[06] = SQUAL

BYTE[07] = Raw_Data_Sum

BYTE[08] = Maximum_Raw_Data
BYTE[09] = Minimum_Raw_Data
BYTE[10] = Shutter_Upper
BYTE[11] = Shutter_Lower

After sending the register address, the microcontroller must wait for tsgap, and then begin reading data. All data bits can be
read with no delay between bytes by driving SCLK at the normal rate. The data are latched into the output buffer after the
last address bit is received. After the burst transmission is complete, the microcontroller must raise the NCS line for at least
teext to terminate burst mode. The serial port is not available for use until it is reset with NCS, even for a second burst
transmission.

Procedure to start motion burst as below.
1. Pull NCS line to low.
2. Read Motion_Burst register (address 0x16).
3. Wait for tspap.
4. Start reading SPI Data continuously up to 12 bytes.
Motion burst may be terminated by pulling NCS high for at least tgexir.
5. To read new motion burst data, start again from step 1.

Burst mode must be terminated by the micro-controller by raising the NCS line for at least tgexr. The serial port is not
available for use until it is reset with NCS signal, even for a second Burst transmission.

Note: Motion burst data can be read from Motion_Burst register even in rest modes.
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7.0 RawData Grab

Rawdata grab is the way to download a full array of rawdata values from a single frame. Once rawdata grab is enabled,
the next complete frame image will be stored to memory. In order to stream out the RawData values, register read
operation is used.

Procedure to start frame capture burst mode is listed as below:

1. Write register Ox7F with value 0x00
2. Write register 0x40 with value 0x80
3. Write register Ox7F with value 0x13
4. Write register 0x47 with value 0x30
5. Write register Ox7F with value 0x00
6. Write register 0x55 with value 0x04
7. Continuously read register 0x02 until getting both OP_Mode1 and OP_Modeo equal to O.
8. Write register 0x58 with value OxFF
9. Continuously read register 0x59 until getting PG_FIRST as “1”
10. Continuously read register 0x59 until getting PG_VALID as “1”.
11. Read register 0x58 for 7 bit ADC data (RAWDATA 6-0). Repeat (10) and (11) for 900 times to form a complete
picture element array information.
12. Write register Ox55 with value 0x00
13. Write register 0x40 with value 0x00
14. Write register Ox7F with value 0x13
15. Write register 0x47 with value 0x20
16. Write register Ox7F with value 0x00
Last RawData Top X-ray View of Mouse
29| 59| 89| 119] 149| 179 209 239| 269| 299 329| 359| 389| 419| 449| 479] 509] 539 569 599 629] 659 689| 719| 749| 779] 809 839 869| 899
28| 58| 88| 118 148 178| 208| 238| 268| 298| 328| 358| 388| 418| 448| 478| 508| 538| 568 598 628 658 688| 718| 748| 778 808 838| 88| 898 e B
| 51| 1) 17| 17| 177) 20| 237) 067 299 37| 357) 38| 17| awr) wna| 7| 537 s 97| 627 657 e8| 717 74| 97| 80| a3 67| 89| *Y
o i » O D;;
2| 32| 62| 92| 122|152 182 212| 242| 272| 302) 332| 362| 392| 42| 452 482 512 542 572 602 632 662| 692| 722| 752| 782 812 842 872 I_ © O o ° |_|
1| 31 61 91 121 151| 181| 212|241 272 301| 331| 361| 391| 421) 451| 481| 511 541 571 601 631 61| 691| 721| 751| 781| 811| 841| 871 od | ° 8 [ |
0| 30| 60| 90| 120|150 180| 210| 240| 270| 300| 330] 360| 390| 420| 450| 480| 510 540 570 600 630 660| 60| 720| 750] 780] 810| 840| 870

First RawData

—  » +X

Figure 19. RawData Address Map for 30x30 (Chip looking on the navigation surface through the lens)

Note: The X/Y reporting direction shown above follows all the power up initialization sequence in the Power Up section.
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8.0 Power Management for Wireless Mode

PAW3335DB-TZDU has three power-saving modes. Each mode has a different motion detection period with its respective
response time to mouse motion. Response time is the time taken for the chip to ‘wake up’ from rest mode when motion
is detected. When left idle, the chip automatically changes or downshift from Run mode to Rest1, then to Rest2 and
finally to Rest3 which consumes the least amount of current.

The current consumption is lowest at Rest3 and highest at Rest1. However the time required for chip to respond to
motion from Rest1 is the shortest and longest from Rest3. Downshift time is the elapsed time (under no motion
condition) from an existing mode to the next mode. For example, it takes 20s for the chip which is in Restl mode to
change (downshift) to Rest2. The response time and downshift time for each mode is shown in the following table.

However user can change the timing setting for each mode via register 0x77 through 0x7C.

Table 13. Rest Modes Response & Downshift Time

Mode Response Time Downshift Time
Restl 1ms 512ms
Rest2 32ms 20s

Rest3 500ms 600s

Note: These timings are based on Power-Up Initialization Register Setting in section 5.0 and subjected to change if any of the register
0x77 to 0x7C value is updated
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9.0 Universal Lift Cut Off Setting

The Universal Lift Cut Off setting applies to all PixArt Standard Gaming Surfaces. The lift-cut off can be set to 1mm and 2mm
when mated with the LOAC lens, per the register settings in the table below.

Please note that upon sensor start-up per the recommended Power-Up Sequence, the lift cut off is set to Imm as default.
Table 14. Lift Cut Off Setting for LOAC-LSG1

Lens Lift Cut Off Setting Register Setting

- Write register 0x7F with value 0x0C
- Write register 0x40 with value OxAOQ
- Write register 0x41 with value 0x70
- Write register Ox42 with value 0x0C
- Write register Ox43 with value OxA8
- Write register Ox44 with value 0x44
- Write register 0x45 with value 0x04
- Write register Ox4A with value 0x19
- Write register Ox4B with value 0x18
- Write register 0x4C with value 0x60
- Write register Ox4E with value 0x8B
- Write register 0x54 with value 0x00
- Write register 0x56 with value 0x40
- Write register 0x59 with value 0x63
- Write register 0x6D with value 0x7F
- Write register 0x7F with value 0x00
- Write register 0x7F with value 0x0C
- Write register 0x40 with value Ox14
- Write register 0x41 with value 0x14
- Write register 0x42 with value 0x20
- Write register 0x43 with value 0x18
- Write register 0x44 with value 0xC7
- Write register 0x45 with value 0x05
- Write register Ox4A with value 0x0A
- Write register 0x4B with value 0x08
- Write register 0x4C with value 0x45
- Write register Ox4E with value OxOF
- Write register 0x54 with value 0x00
- Write register 0x56 with value 0x2A
- Write register 0x59 with value 0x93
- Write register 0x6D with value Ox5F
- Write register Ox7F with value 0x00

1mm setting
(Default in Power Up
Sequence)

LOAC-LSG1

2mm setting
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10.0 Registers

10.1 Registers List

The chip registers are accessible via the serial port. The registers are used to read motion data and status as well as to set
the device configuration.

Table 15. Register List

Address Register Name Access Reset Value
0x00 Product_ID R Ox4E
0x02 Motion RW 0x20
0x03 Delta X L R 0x00
0x04 Delta_ X H R 0x00
0x05 Delta_Y_L R 0x00
0x06 Delta_Y _H R 0x00
0x07 SQUAL R 0x00
0x08 Raw_Data_Sum R 0x00
0x09 Maximum_ Raw_Data R 0x00
Ox0A Minimum_ Raw_Data R Ox7F
0x0B Shutter_Lower R 0x00
0x0C Shutter_Upper R 0x01
0x15 Chip_Observation RW 0x40
0x16 Burst_Motion_Read R 0x00
0x3A Power_Up_Reset W 0x00
0x3B Shutdown W 0x00
0x40 Performance RW 0x00
Ox4E Resolution RW 0x12
0x56 Angle_Snap RW 0x04
0x58 Raw_Data _Grab RW 0x00
0x59 Raw_Data _Grab_ Status R 0x00
Ox5A Ripple_Control RW 0x10
0x5B Axis_Control RW 0x60
OX5F Inv_Product_ID R 0xB1
0x77 Run_DownShift RW 0x0C
0x78 Restl Period RW 0x01
0x79 Restl Downshift RW Ox4F
Ox7A Rest2_Period RW 0x08
0x78B Rest2_Downshift RW Ox4A
0x7C Rest3 Period RW Ox3F
0x7D Run_Downshift_Mult RW 0x07
Ox7E Rest_Downshift_Mult RW 0x77
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10.2 Register Descriptions

Address 0x00
Access Read Reset Value Ox4E
Bit 7 | e | s 4 | 3 2 | 1 | o
Field PID7.o
Description This register contains a unique identification assigned to the PAW3335DB-TZDU. The value in this

register does not change; it can be used to verify that the serial communications link is functional.

Register Name Motion
Address 0x02
Access Read/Write Reset Value 0x20
Bit 7 6 5 4 3 2 1 0
Field MOT Reserved 1 Reserved Reserved | Reserved |OP_Mode:|OP_Modeg
This register allows the user to determine if motion has occurred since the last time it was read.
The procedure to read the motion registers (Delta_X_L, Delta_X_H, Delta_Y L and Delta_Y_H) is as
follows:
1. Read the Motion register. This will freeze the Delta_X L, Delta_ X H, Delta_Y L and Delta_Y_H
register values.
2. If the MOT bit is set, Delta_ X L, Delta_X_H, Delta_Y_L and Delta_Y_H registers should be read in
the given sequence to get the accumulated motion. Note: if Delta_X_L, Delta_X_H, Delta_Y_L and
Delta_Y_H registers are not read before the motion register is read for the second time, the data in
Delta_X L, Delta_X_H, Delta_Y_L and Delta_Y_H will be lost.
3. To read a new set of motion data (Delta_X L, Delta_X_H, Delta_Y_L and Delta_Y_H), repeat from
Description Step 1.

Field Name Description

MOT Motion since last report

0 = No motion

1 = Motion occurred, data ready for reading in
Delta_X_L, Delta_X_H, Delta Y L and
Delta_Y_H registers

OP_Mode1 00 — Run Mode
01-Rest1l
10 - Rest 2

11-Rest3

Write any value to this register will clear all motion data.
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.|
Register Name DELTA_X_L
Address 0x03
Access Read Reset Value 0x00
Bit 7 6 5 4 3 2 1 0
Field X7 Xs Xs Xa X3 X2 X1 Xo
16 bits 2’s complement number. Lower 8 bits of Delta_X.
X movement is counts since last report. Absolute value is determined by resolution.
Description Motion 32768 -32767 2 1 0 +1 +2 +32766  +32767
| L (1 | | | L (1 |
| I 23 i | I I I )) | |
Delta_X 8000 8001 FFFE FFFF 00 01 02 7FFE TFFF
Register Name DELTA X _H
Address 0x04
Access Read Reset Value 0x00
Bit 7 6 5 4 3 2 1 0
Field X1s X14 X13 X12 X111 X10 X9 Xs
16 bits 2’s complement number. Upper 8 bits of Delta_X.
Description Delta_X_H must be read after Delta_X_L to have the full motion data.
Note: It is recommended that register 0x02, 0x03, 0x04, 0x05 and 0x06 to be read sequentially.
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A |
Register Name DELTA_Y_L
Address 0x05
Access Read Reset Value 0x00
Bit 7 6 5 4 3 2 1 0
Field Y5 Ye Ys Vs Y3 Y2 Y1 Yo
16 bits 2’s complement number. Lower 8 bits of Delta_Y.
Y movement is counts since last report. Absolute value is determined by resolution.
Description Motion -32768  -32767 -2 -1 0 +1 +2 +32766 +32767
| L ((C | l | L ((C |
[ I )) | | | | | 27 | |
Delta_Y 8000 8001 FFFE FFFF 00 01 02 7FFE TFFF
Register Name DELTA Y H
Address 0x06
Access Read Reset Value 0x00
Bit 7 6 5 4 3 2 1 0
Field Y1s Y14 Y13 Y12 Y11 Y10 Yq Yg
16 bits 2’s complement number. Upper 8 bits of Delta_Y.
Description Delta_Y_H must be read after Delta_Y_L to have the full motion data.
Note: It is recommended that register 0x02, 0x03, 0x04, 0x05 and 0x06 to be read sequentially.
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Register Name SQUAL
Address 0x07
Access Read Reset Value 0x00
Bit
Field SQz SQs SQs SQu SQs SQa SQu SQo
The SQUAL (Surface quality) register is a measure of the number of valid features visible by the
chip in the current frame. Use the following formula to find the total number of valid features.
Number of Features = SQUAL Register Value * 4
Description

The maximum SQUAL register value is 0xB6. Since small changes in the current frame can result in
changes in SQUAL, variations in SQUAL when looking at a surface is expected.

SQUAL values are only valid when chip is in run mode. Disable Rest mode before measuring
SQUAL.
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Register Name RAWDATA_SUM

Address 0x08
Access Read Reset Value 0x00
Bit 7 6 5 4 3 2 1 0
Field RDSy RDSs RDSs RDS4 RDS3 RDS; RDS1 RDSo

This register is used to find the chip average rawdata value. It reports the upper byte of a 17-bit
counter which sums all 900 rawdata in the current frame. To find the average rawdata value
follows the formula below:

Description Average pixel value = PIX_ACCUM*512/900

The maximum register value is OxDF(hex) or 223(dec) and the minimum register value is 0. The
rawdata sum value can change every frame. Disable rest mode before reading RawData sum value.

Register Name MAXIMUM_RAWDATA

Address 0x09
Access Read Reset Value 0x00
Bit 7 6 5 4 3 2 1 0
Field MRD- MRDs MRDs MRD4 MRD3 MRD; MRD1 MRDgo
Maximum RawData value in current frame. Minimum value = 0, maximum value = 127. The
Description maximum rawdata value can change every frame.

Register Name MINIMUM_RAWDATA

Address O0x0A
Access Read Reset Value Ox7F
Bit 7 6 5 4 3 2 1 0
Field MinRDy MinRDe MinRDs MinRD4 MinRDs MinRD, MinRD1 MinRDg
Minimum Rawdata value in current frame. Minimum value =0, maximum value = 127. The minimum
Description rawdata value can change every frame.
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Address 0x0B
Access Read Reset Value 0x00
Bit 7 6 5 4 3 2 1 0
Field S; Se Ss S4 S3 S S1 So
L Lower byte of the 12-bit Shutter register.
Description

Register Name SHUTTER_UPPER

Address 0x0C
Access Read Reset Value 0x01
Bit 7 6 5 4 3 2 1 0
Field Reserved | Reserved | Reserved | Reserved S11 S10 Sq Ss
Upper 4-bit of the 12-bit Shutter register. Units are clock cycles of the internal oscillator. Read
Shutter_Upper first, then Shutter_Lower. They should be read consecutively. The shutter is
. adjusted to keep the average rawdata values within normal operating ranges. The shutter value is
Description

checked and automatically adjusted to a new value if needed on every frame when operating in
default mode.
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Register Name

CHIP_OBSERVATION

Address 0x15
Access Read/Write Reset Value 0x40
Bit 7 6 5 4 3 2 1 0
Field COy COs COs CO4 COs CO; CO; COo
The user must clear the register by writing 0x00, wait for a minimum Tqiy obs MS & read the register.
The value of CO7.¢ should be 0x77 or Ox7F if the chip is working correctly. The register may be used
as part of recovery scheme to detect a problem caused by EFT/B or ESD event.
Description

Taly_obs is defined as the longest frame period + 10% variation. The longest frame period is when chip
is in Rest3 mode. Clock frequency tolerance value need to be taken into account. For example if the
default Rest3 period of 500ms is used, then Tgiy_obs = 500ms + 50ms

Register Name BURST_MOTION_READ

Address 0x16
Access Read Reset Value 0x00
Bit 7 6 5 4 3 2 1 0
Field MB; MBe MBs MBa4 MB; MB; MB; MBo
The Burst_Motion_Read register is used for high-speed access to the Motion, Observation, Delta_X_L,
. Delta X H, Delta_Y L, Delta_Y_H, SQUAL, RawData_Sum, Maximum_RawData, Minimum_RawData,
Description

Shutter_Upper and Shutter_Lower registers. See Burst Mode-Motion Read section 6.7 for use details.
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Register Name

U
POWER_UP_RESET

Address 0x3A
Access Write Reset Value NA
Bit 7 6 5 4 3 2 1 0
Field PRST, PRSTe PRSTs PRST4 PRST; PRST, PRST: PRSTo
Write Ox5A to this register to reset the chip and all settings will revert to default values. Reset is
Description required after recovering from Shutdown mode.

Register Name SHUTDOWN
Address 0x3B
Access Write Reset Value NA
Bit 7 6 5 4 3 2 1 0
Field SDs SDe SDs SD4 SDs SD» SD: SDo
Write OxB6 to set the chip to Shutdown mode. Refer to the Shutdown section for more details on
Description recovery procedure.

Register Name PERFORMANCE

Address 0x40
Access Read/Write Reset Value 0x00
Bit 7 6 5 4 3 2 1 0
Field AWAKE Reserved | Reserved Reserved Reserved | Reserved | Reserved | Reserved
This register configures the operating mode of the chip.
Description Field Name Description

AWAKE 0: Enable Rest Mode

1: Disable Rest Mode
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Register Name RESOLUTION
Address Ox4E
Access Read/Write Reset Value 0x12
Bit 7 6 5 4 3 2 1 0
Field RES; RESs RESs RES4 RESs RES; RES: RESo
This register set the resolution XY of the chip. The resolution value for each register setting are
shown below.
Note:
1. Recommend to set bit-7 in RIPPLE_CONTROL register to enable the ripple control when select resolution of
5000cpi and above.
2. *-Actual 85 CPI step for 400 CPI and below.
RES7.0 Set the chip resolution with 100cpi step of approximately, starting from minimum
of 100cpi. (Preliminary)
Hex Target Hex Target Hex Target
0 100* 1F 2700 3F 5300
2 200* 20 2800 40 5400
3 300* 21 2900 41 5500
4  400* 23 3000 42 5600
5 500 25 3100 44 5700
6 600 26 3200 45 5800
7 700 27 3300 46 5900
Description 9 800 28 3400 47 6000
A 900 29 3500 48 6100
B 1000 2A 3600 4A 6200
C 1100 2C 3700 4B 6300
D 1200 2D 3800 4C 6400
E 1300 2E 3900 4D 6500
10 1400 2F 4000 4E 6600
11 1500 30 4100 50 6700
12 1600 32 4200 51 6800
13 1700 33 4300 52 6900
14 1800 34 4400 53 7000
16 1900 35 4500 54 7100
17 2000 36 4600 56 7200
18 2100 38 4700 57 7300
19 2200 39 4800 58 7400
1A 2300 3A 4900 59 7500
1B 2400 3B 5000 5A 7600
1D 2500 3C 5100 5C 7700
1E 2600 3E 5200 5D 7800
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Hex Target Hex Target Hex Target
5E 7900 82 10900 A6 13900
5F 8000 83 11000 A7 14000
60 8100 84 11100 A8 14100
62 8200 86 11200 AA 14200
63 8300 87 11300 AB 14300
64 8400 88 11400 AC 14400
65 8500 89 11500 AD = 14500
66 8600 8A 11600 AE 14600
68 8700 8C 11700 BO 14700
69 8800 8D 11800 B1 14800
6A 8900 8E 11900 B2 14900
6B 9000 8F 12000 B3 15000
6C 9100 90 12100 B4 15100
6E 9200 92 12200 B5 15200
6F 9300 93 12300 B6 15300
70 9400 94 12400 B7 15400
71 9500 95 12500 B8 15500
72 9600 96 12600 B9 15600
74 9700 98 12700 BA 15700
75 9800 99 12800 BB 15800
76 9900 9A 12900 BC 15900
77 10000 9B 13000 BD 16000
78 10100 9C 13100
7A 10200 9E 13200
7B 10300 9F 13300
7C 10400 A0 13400
7D 10500 Al 13500
7E 10600 A2 13600
80 10700 A4 13700
81 10800 A5 13800
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A |
Address 0x56
Access Read/Write Reset Value 0x04
Bit 7 6 5 4 3 2 1 0
Field EN 0 0 0 0 1 0 0

Write to this register to enable angle snap feature.

Field Name Description

EN 0: Angle snap disable
1: Angle snap enable

Description

Register Name RAWDATA_GRAB

Address 0x58
Access Read/Write Reset Value 0x00

Bit 7 6 5 4 3 2 1 0
Field Reserved |RAWDATAs|RAWDATAs | RAWDATA, | RAWDATA; | RAWDATA; | RAWDATA; | RAWDATA

This register contains the rawdata levels when the RawData Grab process is enabled. For details of

Description the RawData Grab process please refer to section 7.0.
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Register Name

RAWDATA_GRAB_STATUS

Address 0x59
Access Read Reset Value 0x00
Bit 7 6 5 4 3 2 1 0
Field RDG_VALID|RDG_FIRST| Reserved | Reserved Reserved | Reserved | Reserved | Reserved
This register provides additional information for user to monitor the chip navigation status.
N
Description RDG_VALID 1 = RawData Grab valid
RDG_FIRST 1 = RawData Grab first

Register Name RIPPLE_CONTROL

Address Ox5A
Access Read/Write Reset Value 0x10
Bit 7 6 5 4 3 2 1 0
Field EN Reserved | Reserved 1 Reserved | Reserved | Reserved | Reserved
Set bit-7 to enable ripple control.
Description Field Name Description

EN

0O: Ripple Control Disable.
1: Ripple Control Enable.
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AXIS_CONTROL

Address 0x5B
Access Read/Write Reset Value 0x60
Bit 7 6 5 4 3 2 1 0
Field Swap_XY INV_Y INV_X Reserved | Reserved | Reserved | Reserved | Reserved
The register set the axis direction of the chip reporting.
Description Swap_XY 1: Swap XY directions

INV_Y 1: Invert Y direction
INV_X 1: Invert X direction

Address Ox5F
Access Read Reset Value 0xB1
Bit 7 | e | s 4 | 3 2 | 1 | o
Field IPID7-0
Description This register value is the inverse of the Product_ID register value. It is used to test the SPI port

hardware.

Register Name

RUN_DOWNSHIFT

Address 0x77
Access Read/Write Reset Value 0x0C
Bit 7 6 5 4 3 2 1 0
Field RD- RDe RDs RD4 RDs RD, RD; RDo
This register set the Run to Rest1 downshift time. Use the formula below for calculation.
Run Downshift time (ms) = RD[7:0] x RUN_DOWNSHIFT_MULT (default 256) x VFR1 (default 1ms)
Example for 12k FPS = 24 x 256 x 83.33us = 512ms (default)
Description

Max Downshift time is 189 x 256 x 83.33us = 4s
Min value is 0x01. A value of 0x00 will be internally clipped to 0x01.

All the above values are expected to have +/- 10% tolerance.
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Register Name

.|
REST1_PERIOD

Address 0x78
Access Read/Write Reset Value 0x01
Bit 7 6 5 4 3 2 1 0
Field R1Ry R1Rs R1Rs R1R4 R1Rs R1R; R1R; R1Ro
This register set the Rest1 period
Restl period = R1P[7:0] x 1ms
Default Restl period =1 x Ims =1ms
Description

Min value is 0x01. A value of 0x00 is invalid.

All the above values are expected to have +/- 10% tolerance.

Register Name REST1_DOWNSHIFT

Address 0x79
Access Read/Write Reset Value Ox4F
Bit 7 6 5 4 3 2 1 0
Field R1Dy R1Dg R1Ds R1D4 R1Ds R1D; R1D, R1Do
This register set the Rest1 to Rest2 downshift time. Use the formula below for calculation.
Restl Downshift time (ms) = R1D[7:0] x REST1_DOWNSHIFT_MULT (default 256) x REST1 period
(default 1ms)
Description

Default =79 x 256 x Ims = 20224ms = 20s
Min value is 0x01. A value of 0x00 will be internally clipped to 0x01.

All the above values are expected to have +/- 10% tolerance.
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Register Name

REST2_PERIOD

Address O0x7A
Access Read/Write Reset Value 0x08
Bit 7 6 5 4 3 2 1 0
Field R2P; R2Pg R2Ps R2P4 R2P3 R2P; R2P; R2Pg
This register set the Rest2 period
Rest2 period = R2P[7:0] x slow clock (1ms) x4
L Default Rest2 period = 8 x 1Ims x4=32ms
Description

Min value is 0x01. A value of 0x00 is invalid.

All the above values are expected to have +/- 10% tolerance.

Register Name REST2_DOWNSHIFT

Address 0x7B
Access Read/Write Reset Value Ox4A
Bit 7 6 5 4 3 2 1 0
Field R2D; R2De R2Ds R2D4 R2Ds R2D, R2D: R2Do
This register set the Rest2 to Rest3 downshift time. Use the formula below for calculation.
Rest2 Downshift time (ms) = R2D[7:0] x REST2_DOWNSHIFT_MULT (default 256) x rest2_period
(default 32ms)
Description Default = 74 x 256 x 32ms = 606.208s = 10 min

Min value is 0x01. A value of 0x00 will be internally clipped to 0x01.

All the above values are expected to have +/- 10% tolerance.
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Register Name REST3_PERIOD

Address 0x7C
Access Read/Write Reset Value Ox3F
Bit 7 6 5 4 3 2 1 0
Field R3P; R3Ps R3Ps R3P4 R3P; R3P; R3P, R3Pg

This register set the Rest3 period

Rest3 period = R3P[7:0] x slow clock (1ms) x8

L Default Rest3 period = 63 x 1ms x8 = 504ms
Description

Min value is 0x01. A value of 0x00 is invalid.

All the above values are expected to have +/- 10% tolerance.

Register Name  RUN_DOWNSHIFT_MULT

Address 0x7D
Access Read/Write Reset Value 0x07
Bit 7 6 5 4 3 2 1 0
Field Reserved | Reserved | Reserved | Reserved RUN_M;s RUN_M; RUN_M1 | RUN_Mg
This register set the Run Downshift Multiplier. (Refer to the formula in Register RUN_DOWNSHIFT)
RUN_Mo:3 Hex RUN_DOWNSHIFT_MULT
0x0 2
0x1 4
0x2 8
Description 0x3 16
0x4 32
0x5 64
0x6 128
0x7 256 (default)
0x8 512
0x9 1024
OxA 2048
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Register Name

REST_DOWNSHIFT_MULT

Address Ox7E
Access Read/Write Reset Value 0x77
Bit 7 6 5 4 3 2 1 0
Field Reserved | REST Mg | REST _Ms REST My Reserved | REST _M; | REST_M; | REST My
This register set the REST Downshift Multiplier. (Refer to the formula in Register REST1_DOWNSHIFT
and REST2_DOWNSHIFT)
REST_Mo. Hex REST2_DOWNSHIFT_MULT
0x0 2
0x1 4
0x2 8
0x3 16
0x4 32
Description - o4
0x6 128
0x7 256 (default)
REST_Mas Hex REST1_DOWNSHIFT_MULT
0x0 2
0x1 4
0x2 8
0x3 16
0x4 32
0x5 64
0x6 128
0x7 256 (default)
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10.3 Bit Masks for Register Write

Special precaution needs to be taken for some of the registers have “Reserved” bit. In order to overwrite specific bits in the
register, one need to read and store its current value first, then apply bit masking and write back the new value into the
register. This is accomplished by using bitwise operators such as AND(&), OR(|), or INVERSE(~).

Example:

To disable the Rest Mode in Register 0x40 (set bit-7 to 1)
Read register 0x40 and store in VarA
VarA |= 0x80
Write register 0x40 with value VarA

To enable the Rest Mode in Register 0x40 (set bit-7 to 0)
Read register 0x40 and store in VarA
VarA &=~ 0x80
Write register 0x40 with value VarA
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11.0 Document Revision History

1.0 26 Oct 2018 Official release version

1.1 27 Nov 2018 | - Update lens part number from “LOAC-LSG” to “LOAC-LSG1”
pg20-22 — update power up initialization setting

1.11 10 Dec 2018 | Pg20-22 — update power up initialization setting

1.12 27 June 2019 | Pg8 —added section 2.1 Regulatory Requirement
Pg20-22 — update power up initialization setting
Pg41 — update note and description in Register Ox4E (Resolution)
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