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Somphot Tobanleng 2012: Design of Parallel Mechanism Haptic Device for 2 Degree
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This research is to demonstrate the results of a grounded type haptic device design and
simulation with the virtual environment. The analysis of the five-bars parallel link haptic device
both forward kinematics and inverse kinematics is discussed, as well as the kinetics. The haptic
device is designed to cover the working area of 200x200 square millimeters with the interaction

force about 7 N minimum and 30 N maximum.

The Simulink®/SimMechanics™ is used for the verification of the design and
simulation of the virtual environments. The different stiffness in the virtual environment
simulations are tested. The maximum torque provided from the selected motor actuators is

included to terminate the simulation when the maximum torque is reached.
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2.2 UIIGNTUBINMIANAT
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9
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A =K o % ] 9y ti‘ an o =
Nﬂul‘lsllﬁjilﬂﬁﬂ'lllﬂﬁﬁﬁﬂc]f)f]’]\isllu']ﬂéll@\ulj\‘] TSUUNATMUIUBDUASITNITINADDI UIUTIHINTT

=<

%”ufmmié’f’mi'mmu Kinesthetic (Jones, 1989; Pang, Tan, and Durlach, 1991; Tan et al., 1992)

[

A [ 2 | % ° o o !
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%’ Aav 1 1 1 < g‘/

Yo 1IINVeeIag 1INMTIVENUI IND Taunnnsgunas 10% anties uena Nty
1 v Y
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o Yo 1A = g o [ A ~ 9 1 [ AA o
ldiag luauloa Fuiludasnarunliausmiiudesniuswnaue AvowsaNieding
YA A ~ ~ o yyY 2 A 1A Aa o

awnsonuau laniinnniganansonszinlametiatesgniszua 100 1aaU uazis
~ o ) <3 1A Aa o A A [
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(Srinivasan and Chen, 1993; Tan, Srinivasan, Eberman and Cheng, 1994)

2.3 MIFUNUINVOIAN M TURAAZ ANIAVDIIAY (Perception of Contact

Conditions and Object Properties)
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qaUrUIN ‘1/lNﬂTif:’fllNf;’fﬂlfNﬁJl{HﬂW1uﬂNeﬁ}ny‘ﬂﬁlﬁEl’Jﬂ‘U Tactile %zgﬂﬂW‘ﬂ@ﬂIﬂEﬂJﬁm

Uszamdudan lasumsnszdquainna lnmsnszdquaielurania
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o = = g a Y I A I
f‘ﬂiﬁ"l!fﬁu&ﬂﬂﬂﬂ'ﬂiﬂl@‘lﬁgﬂlﬂﬂwuN'Jfﬂiﬂiﬂ?i‘"lllﬂ@EJNHJ'L!!@ﬂL“I/]ﬁ (Lu’ﬂﬁﬁﬂﬂ!ﬁﬂuﬂWﬁ

[T a [

v Y . dy LY 9 1 d' 1 Ids!
JUINN Tactile) UALUYUBDYNUVAITNNINUDITON Lzsqwi%’iumiﬁmmmzqmwgmm"lmu U

LTl

v
=)

3 Aq Y ) . a o o =
ANGIN Y 1UAI5E1599 (Loomis and Lederman, 1986) #an1539enu1au n lumsduniion

v
=} v A

] 9 T
yoamsauloa anuneazBeavesiiuii jUiaasanumiia Al uybdTNTagUIND
A 1 A A ~ ] ] ~ k)
AIIVNULNDIVDANLIAYI Tl?Jﬂ’JHJE;N‘]JigﬁJTfM 2 ll?JIﬂiLﬂJ@]ﬁVIﬂg‘]JuLLNUﬂﬁgﬁ]ﬂlﬁﬂﬂ"] ulﬂﬁ]"lﬂ
MO UAUIVDUFULTT ANV Rapidly Adating Fiber U3210M Meissener-type (LaMotte
9
and Whitehouse, 1986; Srinivasan, Whitehouse and LaMotte, 1990) UDNIH LD lliél}lﬂ(
ﬁ' 1 d'd d' 1 1 = d‘
E‘ﬁiﬂﬁﬂQ‘]JL'W’E)@]i’Jﬁ]W‘]J@]‘NTliJﬂ’ﬂqu\T‘ﬂﬁwﬂm 0.075 hlﬂiﬂilﬂ@]ﬁﬂﬂgﬂulmutﬁﬂﬂ‘] LHBNTIN

MINDUEAUDIUDUFUTLAIMN Pacinian Corpuscle (LaMotte and Srinivasan, 1991)

A51971 2 AT NUAAITUTANIINAVOINDULYY

09105 (Degree of Freedom)

Tva 4 (shrug, flexion, abduction, rotation)
Hoeon 2 (flexion, pronation)

Hoiio 2 (flexion, pronation)

fhiloudaziia 4 (abduction+3 flexion)

]
A o

c&’ J a 4
Bandwidth v035zuundmiile idulszamuazgudnasivihliinamandenlu,

M3 I dyusunau 1-2 Hz
(Unexpected Signal)

Y o I
s dyaauiluay 2-5 Hz

(Periodic Signal)
Ufnsen ldnauaednszdu 10 Hz

(Reflex Action)

d‘ o 1 Qy =
usannszaedateliaie

Aq Y = 19
usan g lumsuiiusy 1-10N

AA o Y] Y=
useniiedinsamnsoniuqula AWN50g9ga 1409 100N
ANUAZDEATUNIAILAY 0.05 09 0.5N
¥19v0ausalunsm 50-500 N

30 Brook (1990)
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o 9 v o Y .
ﬂ’liiﬂgﬂ’liﬁﬂﬂaﬂ’lu tactile

Indentation Threshold

o4 S 20 TuTpswes, 0.3 HadtinAuADA1319
Haamas

10 Hz 10 luTns1a3

250 Hz 0.1 luTnswas

N1SATIVHIDNHULIRANE (Feature Detection)

Texture
oA
ARG

9 H Y ]
LLi\WNﬂ1ﬂﬁlﬂﬂ§ulﬁﬂﬁiﬁi}ﬂ?ﬁﬂﬂil!mﬂ‘WW%

0.075 lulasag
2 luTaswag

0.4-1.1 N (W2'11)) 0.3-4.5 N (324

o J.
(Normal Force when Detecting Feature) AUNANTITNU)
9 A I
IOUNTBIU

ay A = =
Qﬂlﬁﬁﬂﬂf)ﬁlﬂq@‘ﬂﬁWNWi@i')ﬂWUﬂ?ﬁlﬂﬁﬁlu 0.01°C/s
(Detection Threshold for Temperature Change)
A a Aaan

nanlFlumsinelnsen 300-900 ms

(Reaction Time)
msnuRenudeuBiIAoIing
(Persistence Hot)
mMsnuReA Mg IRBIH B

(Persistence Cold)

' a y=x A
y1NNI 40°C (Lﬂﬂﬂﬁ’]ilgﬁﬂmllﬂ')ﬂlll'ﬂ

UNANNINNI 48°C)

£ U

9 1

a YR A
UayNI1 20°C (Lﬂﬂﬂ'!']ﬂgﬁﬂﬁ]ﬂﬂ?ﬂlﬂ@

AUNNUT O8N 15°C)

q U

13 Sherrick and Cholewiak (1986), Srinivasan (1995)
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1998MHUA (Parameter) (JND)
AITNYI 10% W%@ﬁ@ﬂﬂ'h
<
AITULII 10%
AT 20%
13 7%
. ) o dy a <3 < ] adA -
Compliance 8% M UNUAITUNTI 135U AodleTu (Rigid Surface)
. 9 [ dy a dl d' 1 9
Compliance 3% dmsunuEnasanlasugiliala

1% 819 (Deformable Surface)
ANVila 14%
uIn 21%
) =\ = < < A o 1 A A A [
MIFTUHHINDIANIULUVUNTT 25 UIAUNDUAAUUATHIDUINNI

(Rigidity Perception)

An: Beauregard et al. (1995); Chen and Srinivasan (1998)

3. qunsamailfin ( Haptic Device)
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U

4 a A o zi’ v Y v = 9/::' A v o } A a
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Mwi 9 gUnsaluelAnyiiaiinegiuni1ag (Grounded Haptic Device); The PHANTOM®

Omni  Device
131: SensAble Technology, London, UK (n.d.)
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d' 4 a A A A A
MNN 10 Qﬂﬂimllﬁﬂﬁﬂﬂﬂ!ﬂlﬂi%‘ﬂ‘ﬂﬂil?@ﬂﬂﬂQ“I/I'i'l\‘]ﬂlf] (Body Ground System); The

CyberGlove® IT System
f3: Immersion Technologies, California, USA (n.d.)
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Woutput

T =% = Ginput X Wfiywheet

MNN 11 BaaunuLazIayiangNryY

31: Winfree et al. (2009)

PN 12 iTorqU 1.0 1ag GRASP Laboratory U9 University of Pennsylvania, USA
M31: Winfree et al. (2009)
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M Winfree et al. (2009)
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5.2 The da Vinci® Surgical System
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(LTSNS '® Block Parameters: Machine Environment

Description

Defines the mechanical simulation environment for the machine to which the
block is connected: gravity, dimensionality, analysis mode, constraint solver
type, tolerances, linearization, and visualization.

[ Parameters | Constraints  Linearization  Visualization |

Analysis mode: Type of solution for machine's motion.
Tolerances: Maximum permissible misalignment of machine's joints.

Cravity vector: |[0-9.810] | [ misa2 =%

[l Input gravity as signal

Machine dimensionality: I Auto-detect % l
Analysis mode: [ Kinematics 4 l
Linear assembly tolerance: le-3 I'm s
Angular assembly tolerance:  1e-3 | rad [
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8N0o W Block Parameters: Stylus

Body

Stylus

Represents a user-defined rigid body. Body defined by mass m, inertia tensor |, and coordinate
origins and axes for center of gravity (CG) and other user-specified Body coordinate systems. This
dialog sets Bedy initial position and orientation, unless Body and/or connected Joints are actuated
separately. This dialog also provides optional settings for customized body geometry and color.

Mass properties
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\G L 8O0 W Block Parameters: Body Actuator
Body Actuator
Body Actuator

Actuates a Body with generalized force/torque signal.
Vector components specified with respect to reference
coordinate system. Input is a Simulink signal. For Body
motion or initial condition actuation, press Help.

Actuation

With respect to CS: | Absolute (World) s ]

Generalized forces

1 Applied torque Units: | N*m

™ Applied force Units: | N ™

( 0K ) r_CanceI_\ ”_Help_\ Apply
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By Sensor

8,100, W Block Parameters: Body Sensor

Body Sensor

Measures the motion of the Body coordinate system to which the Sensor is connected. Sensor measures any combination of translational position, velocity, and
acceleration; and rotational orientation, angular velocity, and angular acceleration. Choosing the coordinate system determines the axes in which the motion
components are represented. Output is a Simulink signal. Multiple output signals can be bundled into one signal.

Measurements

With respect to CS: | Absolute (World) )
™ Position [x;y;z] Units: | mm 3]
[ Velocity [x"y';2] Units: | m/s
"] Angular velocity [Rx';Ry';Rz'] Units: | deg/s

"] Rotation matrix [3 x 3]

] Acceleration [x";y";z"] Units: | mfsA2

"] Angular acceleration [Rx";Ry";Rz"] Units: | deg/sA2

E‘Oulpul selected parameters as one signal.

ok (Cancel ) ((Help ) ( Apply

A
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¢ -

Revolute

At Represents one rotational degree of freedom. The follower (F) Body
rotates relative to the base (B) Body about a single rotational axis going
through collocated Body coordinate system origins. Sensor and actuator
ports can be added. Base-follower sequence and axis direction determine
sign of forward motion by the right-hand rule.

Connection parameters
Current base: <not connected>

Current follower: <not connected>

Number of sensor [ actuator ports: 1 E

Parameters
Axes | Advanced |

Name| Primitive Axis of Action [x v 2] Reference CS

Rl revolute [0,0,1] ['World =

( 0K ) "fCancei Y € Help) Apply
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Joint Actuator

Drive Theta 2

Actuates a Joint primitive with generalized force/torgue or linear/angular position,
velocity, and acceleration motion signals. Base-follower sequence and joint axis
determines sign of forward motion. Inputs are Simulink signals. Motion input signals must
be bundled into one signal. Connect to Joint block to see Connected to primitive list.

Actuation

Block parameters cannot be displayed until this block has been connected to a Joint block.

( oK ) {Can(eﬁ\ f’ Help} Apply
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Joint Sensor

aeno W Block Parameters: Joint Sensor

Joint Sensor

Measures linear/angular position, velocity, acceleration, computed force/torque and/or
reaction force/torque of a Joint primitive. Spherical measured by quaternion. Base-follower
sequence and joint axis determine sign of forward motion. Outputs are Simulink signals.
Multiple output signals can be bundled into one signal. Connect to Joint block to see
Connected to primitive list.

Measurements

Block parameters cannot be displayed until this block has been connected to a Joint block.

( oK ) r_CanceI \ ,r Help \

MNN 53 #29814 Joint Sensor Block

A o 9 o w a A A A Y J a Ayy o
%1ﬂ‘L!’Lll.!1"11’éJi]TﬂﬂLL’GWW1513J!G]’E]iﬁ]uﬂlﬂﬁl’)ﬂlﬂﬁl@ﬂ@ﬂﬂiﬂm@ﬂﬁﬂ‘l’]'lﬂiﬂiﬂa’t)\‘m\‘l
° Y . \ ] L s X dy v v
6l“lf‘!LL‘U‘]Jfl]"l’ﬁ’fflxiﬂ’JEJ SimMechanic™ Tﬂﬂﬁlclfﬂﬁ'lilﬂ'l’mﬂﬂnﬂﬁﬂﬂﬂ?i]“l/lulﬂﬁ]"lﬂﬂﬁﬂﬂﬂlm‘ﬂvh
1w A A 2 2 1 1 o 1 PR % 1 2
IMNY 210 YARNATLUASAINVYNINA a, ﬁﬂWm"lﬂ‘Ui%fJgﬁ'l\‘]‘ll@QN@L@@?VNﬁ@Q‘%QﬁﬂHVHﬂU
Aa A 3’, 9 9 oA Y A A Y [ 9 J a =
100 yaaLuag uaﬂﬂTﬂuuﬁl%MNﬂlﬂ\‘]ﬂl@ﬁ@ﬂﬁ']ﬂJ']ﬁE]ﬂ’Nﬂllﬂfﬂi\i‘l/lvlﬂ%WﬂﬂTi’m%'lﬂ"Uﬂ@ﬂﬁ]iﬂ BN
= [ g’; 1 o o =3 9 a 4 a S = 9
Nﬂ?ﬂ'igll'lﬂ‘!%']ﬂﬂ'li’llﬂi?l‘ﬂ@]\‘llm 5 173 iﬁﬂﬂﬂjﬂﬂﬁuﬂﬁ@ulﬁﬁﬁ "lmmmﬂﬁ ‘Vlllﬂfﬂ?ﬂfﬂ'i

3mswzﬁaﬂmmuﬁmmﬁ”m



63

F@R@LLel HAFTIC MACHINE

MW 54 uuusiaeannainvesginisiueddnuas Inavesuuudiaes



64

Irput_%
To Workspace2

u5 H5In F 5nu|i =| HS5 Thets 1
V5 ¥&In ¥ & out = vs Thefe.2

Trajectory Command ‘Work Space Validation Inverse Kinematic

Y¥r

=

A Graph

Madule:

Input_ Trajectory Display

Inverse Kinematic
To Workspace3 Module

Input Module

F@R@LLel HAFTIC MACHINE

|00 O X! Virtual Reality
‘EHE View Viewpoints

-] XY Graph 006
XY Plot

350

150 . . .
50 0 50 100 150
X Ais

d' ) [ o a 9 Y 9 A ~
NNN 55 !L‘]J‘Uﬁ)']ﬁﬂﬂWﬁ'JWU@ﬂQ‘]Jﬂiﬂ!LlﬁﬂﬂﬂﬁuLL‘U‘Ullag1’i‘LlWlN!Lﬁﬂ\HﬁuﬂNﬂ"ﬁmﬁ@uﬂ

d v [ o
“llﬂﬁﬂa'lflﬁllﬁﬁﬁﬁ VMUSNINITVIABDN

I~ a o ] o o .
3.2 #aMIATINEaUANUIUITIVOIM N UIVO LU UTIA0 (Kinematics Model

Verification)

a3 a a 4 o 4
ﬁiﬂﬁ]ﬁﬂﬂﬂ’ﬂiﬂﬂu%iﬁ‘uﬂﬂWﬂﬁﬂﬁiil“l/lNWﬁﬁTﬁ?liéU’ﬂ\ilmﬂﬂ?ﬁ@\‘]ﬂl@ﬂ@ﬂﬂiﬂ!
a o I v o o 1 !
uerldnlasvims lsunsulidaved laddavesuudiaesginsainsedonon g (x,.y,)
a I = a . A v J ' o '
AUMBduenausaNvIig 50 mummﬂﬂﬂ Bias Lwa1wfgﬂg{uﬂﬂammam"lﬂagiumlmm

) v v 9 ] v
(50,250) 1O ANASUFUNINILDBAUBNNUNMNNIY AININTN 56



x; = Rcos(¢)+ Bias
Ry (x5.7:) Vs = Rsin(¢)+ Bias

sl Xs5. Vs

NN 56 LLNUﬂTWLLﬁﬂQLE%IHVINL?IU"U’EN’NﬂaM;ﬁ?J 50 1FUAUAT

o a v - J o
e UFUNIMIAUNVeI lndaa uaz wasaduniandaea laaaaves

d’ v W

9
A = 2 v Y Y a3 a I Y a Aa 9
NUATOINVYUANIRIND WA UTUNTINNAY (LT UTUIUIN) uJmﬁumdmimumuwmﬂlﬂﬂ

Y A A A a v Y A < Y A J v t4
RS UNNUIATOINNIY TN AUNINT T (L7GINe)) lﬂULaUﬂ’l\iﬂﬂa']ﬂﬁllﬁaaﬁﬂlﬂ\ﬁgﬂﬂiﬂl
Y

4 - a 1% 1 % YY) a ) 1 o 4
Lﬂa@uﬂqﬁ}ﬂi\i i]zmmﬁwmnﬁjumaawumﬁumwaa uullﬁﬂﬂﬁ“!UUﬂWﬁﬂ\isUﬂ\iQﬂﬂ'ﬁm

ua1An (Virtual Prototype) N 1d00ntuuaNsamanun laaiminsunaeams g

) A A s o
--0-- Lfle‘I/'INﬂ'liLﬂﬁﬁ]u“ﬂﬂl’ﬂﬂﬂﬁWﬂQﬂﬂim’ﬂﬂﬂ’i‘uﬂ

9 A A A A AN Y a
i LﬁumNmimaaummﬂmaqﬂnimmﬂaauﬂmiq

280+

)

YGLIEVGE

260 -

a

(

2
QN

220+

Tuunu

AU

220+

o

200 -

I L I L 1 L
0 20 40 60 80 100

duvualuuauuey (Naawas)

= 9 Jd v A A [ Y A o Y
NINN 57 ﬂ']WLlﬁﬂQﬂi?ﬂlﬁu%’]ﬂﬂlﬂﬂﬂﬁ’]ﬂﬁqﬂaaﬁ Lﬂﬂlﬂﬂﬂﬂﬂlﬁuﬂ']\?ﬂﬂ'lﬁl‘!ﬂvh

65

t4 a A 4 A a v o & Aa A X
Unsainglanfeonuuunaoun lavsuieunumasnounan 1l lananmnind 57 Fadu



66

3.3 MIasuuyTaesnatnvesanmiadouaion (Dynamic Modeling of Virtual
Environment)
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3 Specifications and Dimensional Drawings

3.1.1 SGMAH Servomotors Without Gears

3.1 Ratings and Specifications of SGMAH (3000 min'1)

3.1.1 SGMAH Servomotors Without Gears
(1) Ratings and Specifications

+ Time Rating: Continuous * Thermal Class: B

* Vibration Class: 15 pm or below  Withstand Voltage:

» Insulation Resistance: 500 VDC, 10 M © min. 100 V, 200 V Servomotors: 1500 VAC for one
+ Ambient Temperature: 0 to 40°C (32 to 104°F) minute

400 V Servomotors: 1800 VAC for one minute
* Enclosure: Totally enclosed, self-cooled, IP55
(except for shaft opening)
» Ambient Humidity: 20% to 80% (no condensation)
* Drive Method: Direct drive

* Excitation: Permanent magnet
* Mounting: Flange method

Voltage 100 V 200 vV 400 V

Servomotor Model SGMAH- A3SB | ASB | 01B | 02B | A3A | ASA | O1A | O2A | O4A | OBA | 03D | 07D
Rated Qutput 1 KW 0.03 0.05 0.1 0.2 0.03 0.05 0.1 0.2 0.4 0.75 03 0.65
Rated Torque N-m 0.0955( 0.159 | 0.318 | 0.637 [0.0955] 0.159 | 0.318 | 0.637 | 1.27 239 | 0.955] 2.07
*1 %2 ozin*3 13.5 225 45.0 90.2 13.5 225 45.0 90.2 180 338 135 203
reEnETesis  [m 0286 | 0.477 | 0955 | 191 | 0.286 | 0477 [ 0955 | 191 | 382 | 716 | 382 | 7.16
Peak Torque 1 ozin *3 40.5 67.5 135 270 40.5 67.5 135 270 541 1010 | 541 1010
5ated Current {5 066 | 095 | 24 | 30 | 044 [ 064 | 091 | 21 | 28 | 44 | 13| 22
Instantaneous

1 Arms 2.0 29 T2 9.0 13 2.0 2.8 6.5 8.5 13.4 51 79

Max. Current
Rated Speed *! | min”! 3000
Max. Speed *1 | min”! 5000

N-m/Ams 0.157 | 0.182 | 0.146 | 0.234 | 0.238 | 0.268 | 0.378 | 0.327 | 0.498 [ 0.590 | 0.837 [ 1.02
oz-in/Arms*‘3 222 | 258 | 20.7 | 33.1 | 337 | 38.0 | 535 | 463 | 705 | 8.6 | 119 144

x10‘4kg-m2 0.01660.0220 [ 0.0364 | 0.106 | 0.0166 |0.0220 | 0.0364 | 0.106 | 0.173 | 0.672 [ 0.173 | 0.672

Torque Constant

Rotor Moment

3 -3
of Inertia J x10 02351 0312 | 0515 | 1.50 | 0.235 ] 0312 | 0515 ] 1.50 | 245 | 952 | 245 | 9.52
ozins?*3

Rated Power
Rate *1
Rated Angular

kWrs 5.49 115 | 27.8 | 382 | 549 115 | 278 | 382 | 93.7 | 848 | 529 | 638

o radfs2 57500 | 72300 | 87400 | 60100 | 57500 | 72300 | 87400 | 60100 | 73600 | 35500 | 55300 | 30800
Acceleration

* 1. These items and torque-motor speed characteristics quoted in combination with an SGDM/SGDH
SERVOPACK are at an armature winding temperature of 100°C (212°F). Other values quoted at
20°C (68°F). All values are typical.

* 2. Rated torques are continuous allowable torque values at 40°C (104°F) with an 250 X 250 X 6 (mm)
[10 x 10 % 0.24 (in.)] aluminum plate (heat sink) attached.

* 3. These values are reference values.

]
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3.1 Ratings and Specifications of SGMAH (3000 min'1)

(2) Holding Brake Moment of Inertia
The moment of inertia of the servomotor with holding brake is expressed using the following equation.

(The moment of inertia of the servomotor with holding brake) = (rotor moment of inertia) +
(brake moment of inertia)

Servomotor Model A3A| ASA | O1A | 02A | 04A | OBA
SGMAH- A3B| A5B| 01B | 02B | 03D | 07D
Holding Brake Moment of 10 kg*m? 0.0085 0.058 0.14

Inertia J x103 0z*in*s2 0.120 0.821 1.98

* These values are reference values.

(3) Derating Rate for Servomotor With Oil Seal

For a motor with oil seal, use the following derating rate because of the higher friction torque.

Servomotor Model A3A [ ASA | O1A | O2A | O4A | 0BA
SGMAH- A3B | ASB | 01B | 02B | 03D [ 07D
Derating Rate | %) | 70 ] 80 90 95

(4) Torque-motor Speed Characteristics
(a) 100-V Class

5000 5000 g EASE 5000 5000
4000 4000 4000 4000
Motor 3000 Motor 3000 Motor 3000 Motor 3000
speed 5000 sPeed 5000 speed 5000 Pe=d 5000
min") 1000 min) 1000 (min) 4000 (min" 4900
0 ]
g 00 0.150.30.450.8 0 02505075 1
Torque (N'm) Torque (N'm)
0 20 40 60 0 20 40 60 80 100 0 50 100 150 0 100 200 300
Torgue (oz-in) Torque (0z'in) Torque (oz+in) Torque (oziin)
(b) 200-V Class
5000 ppaiaab-A3A 5000 5000 5000 e b-028
4000 (W | 4000 4000 l“
Motor 3000 Motor 3000 Motor 3000 Motor 3000
speed speed speed speed
(i) (i 00 2000 |. 20
min min in! in-!
1000 1000 min) 4000 min) 0o
0 0
0 01020304 0 0.150.30.450.6 0 05 :
Torque (N-m}) Torque (N'm) ITorque (N-m) Torque (N'm)
YO T it R LAT! L P R Y
0 20 40 80 0 20 40 60 80 100 0 50 100 150 0 100 200 300
Torque (oz-in) Torque (oz*in) Torque (0z+in) Torque (oziin)

SGMAH-04A SGMAH-08A

speed

0 2 4 86
Torque (N'm)
—r | S S S S N ——
0 200 400 600 0 400 800 1200
Torque (oz-iny Torque (oz-in)

nd' 1A 4 o Y ~
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3 Specifications and Dimensional Drawings

3.12.1 SGMAH Servomotors (3000 min'1) Without Gears

3.12 Dimensional Drawings of SGMAH Servomotors (3000 min'1)

3.12.1 SGMAH Servomotors (3000 min'1) Without Gears
(1) 30 W, 50 W, 100 W

u :
181) "o % i
+30 (+1.18) !
N
[
0:

| |

I } T

! LM 5 0140 (01.57,

g — \0 = ‘(20‘10) [@wosgooots] A
@
o 0
$30-0p21 (91181
( ODUDES) - "
(See the following table.)
Units: mm (in)
Approx.
Allowable Allowable
Tap x
sgﬁnd:# L | Dap et u |l w | T less Radial Load | Thrust Load
ept (|g) N (Ibf) N (lbf)
A3O0OA21 Notap No key " - o
945 | 695 | 365 :
ASOEAN | oy | e | aa L2 2 2 (0.66) (15) a2
A300A61 M2.5x 5L | (0.047) | (0.079) | (0.079)
A5SO0A21 . No key i o o
1020 | 77.0 | 440 J

ASODA4T | ony | eon | am 12 | 2 2 ©0.88) as) a2
ASOICA61 M2.5x 5L | (0.047) [ (0.079) | (0.079)
0100A21 St No key s . o
omEEAa | o | o5 | e ’ 18 3 3 an (8) a2
0100A61 M3 x6L |(0.071) [ (0.12) | (0.12)

. The dimensions for L and LL of a servomotor incorporating an encoder with super-capacitor (model: SGMAH-
0O0O04) are as shown below.
SGMAH-A3, A5, and 01: L-dimension +12 mm (0.47 in), LL-dimension +12 mm (0.47 in)
2. The working point of the SGMAH servomotor radial load is at the position of minus 5 mm from the shaft end.

z
T
a

/4

3-56
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3.12 Dimensional Drawings of SGMAH Servomotors (3000 min'1)

(2) 200 W, 400 W, 750 W

Encoder cable ¢7

UL20276

Motor cable

MUNUINA V18 giloweimsiuazyaiuniin s

]
=

Motor plu > F
7 (60.28) ;; ¥ #
Al 0.04 %
(0.0076)
Al (O
@ 0024 ©] $0.05 |A !
[ LR (60.0020)
W [T 2
LG, |L3
LEl [, |
E (e
= Ok -
— 4 — - —| 4+ /9|8
el =t |7
! [
Serial d Rotating section
erial encoder {Hatching section) (See the following table.)
Units: mm (in)
Model Gear
SGMAH Ratio L LL LM | LR LE | LG B LD | LB | L1 L2 | L3 Q QK S
212 138 (1045 74 4 10 69 83 85 36 38 | 195 36 32 20
0200AJTO1 |15 ®35) | .43 | @11y | eon | ©16) | ©39 | @72) | 627 | @3s) | @42 | 150) [ 077 | @42y | aze) | ©79)
212; 138 11045 74 4 10 69 83 85 36 38 | 195] 36 32 20
0200AJ301 [ 3/31 @®35) | G.43) | @11) | @o1) | ©16) | ©39) | @72) | 327) | @335) | a.42) | as50) | ©77) | 42y | a26) | 0.79)
2495 (1655 132 84 4 12 82 98 100 | 40 44 23 12 36 25
o20dAJCT [ 1721 ©82) | 6.52) | 5.20) | 331) | ©.16) | ©47) | 3.:23) | G:86) | 3.94) | .57) [ (173) | 91) | (1.65) | (L42) | 098
24951655 132 84 4 12 82 98 100 | 40 44 23 12 36 25
0200AJ701 | 1/33 ©82) | 652 | 620) | @1 | 016 | 047 | 623 | 66) | G | asn [ a7 | 0oy | @wes) | a4z | 0o
240 166 133 74 4 10 69 83 85 36 38 | 195] 36 32 20
0400AO1 L (9.45) (6.54) (5.24) (291) ©.16) | (0.39) | (2.72) 3.27) | (3.35) | (1.42) | (1.50) | 0.77) | (1.42) | (1.26) | (0.79)
256.5(172.5] 139 84 4 12 82 98 100 | 40 44 23 42 36 25
0400AJsO1 [ 3/31 10.10) [ 6.79) | 647 | 33D | ©16) | 047 | 323) | 686 | @od | asn | A7) | ©on | 165 | @42) | 098
305.5(200.5( 167 | 105 5 13 93 112 | 115 | 45 60 | 265 58 50 32
o40DAJCO (1721 1203 | ¢80 | 657 | @1 | 020 | 051 | a6 | @4 | asn | arn | @se | aomw | o2 | wom | aze
305.5(200.5 167 | 105 5 13 93 112 | 115 | 45 60 | 265 58 50 32
0400AJ7O1 | 133 (12.03) | (7.89) | (6.57) | (413) | 0.20) | (0.51) | @.66) | (@.41) | @4.53) | A.77) | (236) | (104 [ (2.28) | (1.97) | (1.26)
277 193 | 1595 84 4 12 82 98 100 | 40 44 23 42 36 25
0sOmAJIO1 [ 1/5 @091 | 7.60) [ 628 [ 331) | ©.16) | ©47) | 3.23) [ 3:86) | B.94) [ .57y [ (173) | ony | 165) [ (1.42) | ©.98)
301 196 |162.5( 105 5 13 93 112 | 115 | 45 60 | 265 38 50 32
0sOdAJeO1 [ 3/31 185 | 0.72) | ©40) | @13y | 020 | 051 | s | @) | @asn | arn | e | am |28 | aomn | aze
330 223 | 189.5] 107 10 15 107 | 134 | 140 | 44 63 42 60 45 40
osmDAJCOY (1721 1299 | ©78) | 7.46) | @21y | 039 | ©59) | @2 | G28) | 550 [ a73) [ 248 | aes) | @36) | am | sy
330 | 223 | 189.5] 107 10 15 107 | 134 | 140 | 44 63 42 60 45 40
0800AJ701 1/33 (12.99) (8.78) (7.46) (421) ©.39) | (0.59) | (4.21) (5.28) | (5.51) | (1.73) | (2.48) | (1.65) | (2.36) Q.77 (1.57)
3-67
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3 Specifications and Dimensional Drawings

3.12.3 SGMAH Servomotors (3000 min'1) With Standard Backlash Gears

106

Model Gear Approx. Allqwable Allowable

GMAt. | Rato] LG | LA | L2 | TapxDepth*| U | W | T | Mass |RadialLoad |ThrustLoad
kg (Ib) N (Ibf) N (Ibfy
ommant | 15 | o5y |atn|eas| M9 |ain 030 |0sa| @n s s
S2RCiseCt | 821 (3?24) (i0153) (0;5) ML (03.154) (0.24) (0_24) (fsi) (3862(; >
ommavce | 1t |35 10 lo3s| M9 [olg| 3o |odn| o | o 20
el B I e N e L e L el e
oammanet | U5 S0 1a% o3| M0 |oin| 00 |0ae| o9 S &5
oamoasot | 3m S0 Leas| Mot |olel 00 |0om| e e o
oamoAiodt| 121 [ 05 [ [oan| M09 |30 0% [030] g | s 310
0400AJ7O1 | 133 (i%g) (51.3;51) (023) MSXL6L (0.520) (0%29) (0.831) (ffl) (E; 70)
SemmiCt | 49 (4353) (Eg) (0.935) MeIRL (016) (0.21) (0_728) (f;.)z) (38505) (2695
RRCICIAEET | =31 (i_% (51-3351) (0&3) MEx1eL (0.520) (02)9) (0.21) (1755.5) (ﬁg) (371(3)
DeECAeE] | Ll (51-151) (;_65?)) (0%;15) MI0X20L (0.520) (0%27) (0.21) (1227';) (120473(; 490
osmoart 13 |55 | o5y |oss| 21000 (030 0an |o3n| @rm | (a

1. The dimensions for L and LL of a servomotor incorporating an encoder with super-capacitor (model: SGMAH-
0O0O04) are as shown below.
SGMAH-02 and 04: L-dimension + 8.2 mm (0.32 in), LL-dimension +8.2 mm (0.32 in)
SGMAH-08: L-dimension+ 0 mm, LL-dimension +0 mm
2. The working point of the SGMAH servomotor radial load is at the position of minus 5 mm from the shaft end.

AN
INFO
(<)

¢ Dimensional Tolerances

Units: mm (in)
Model Flange Face Dimensions Shaft-end Dimensions
SGMAH- LB S
0200AJ10O1 85 ° (335 ° ) 20 ° (0.79 OB)
-0.035 —0.0014- -0.021 —0.000
0200AJ301 85 ° (335 ° ) 20 ° (0.79 03)
-0.035 —0.0014- -0.021 —0.000
o200AJCO1 100 ° (394 ° ) 25 ° (098 OB)
—0.035 —0.0014 —0.021 —0.000
0200AJ701 100 ° (394 ° ) 25 0 (088 ° )
—0.035 —0.0014 —0.021 —0.000
0400AJO1 85 ° (335 ° 20 ° (079 OB)
—0.035 —0.0014 —0.021 —0.000
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3.12 Dimensional Drawings of SGMAH Servomotors (3000 min'1)

Units: mm (in)
Model Flange Face Dimensions Shaft-end Dimensions
SGMAH- LB S
0400AJ301 100 ° (394 ° ) o0 o )
-0.035 -0.0014 —0 021 —0.000:
0400AJCO1 11s ° {453 ° ) ° (126 ° Oj
-0.035 —0.0014 70 025 -0.001
0400AJ701 s ° (453 0 ops126 0 )
—0.035 —0.0014 70 025 —0.001
0800AJ1O1 100 ° (394 ) ° {098 ° Bj
—0.035 —0.0014 70 021 —0.000:
0800AJ3O1 115 ° {453 ° ° {126 ° 0]
-0.035 -0.0014 —0 025 -0.001
0sO0AJCO1 140 ° (551 °6j ° (1s7 ° 0]
—0.040 —0.001 70 025 —0.001
0800AJ701 140 ° (551 0 ) o sT 0 )
—0.040 —0.001 70 025 —0.001

(3) 300 W, 650 W

|
Encoder cable ¢7 (90.28) 300 (11.81) +30(1.18) | - Encoder plug i Shaft End 1
UL20276 i - |
- | i
Motor cable (35) siE Bl - = '
7 (00.28) 7‘ 1.38) |oma /—P—-‘L ! i
i
h Al 004 | |
300 (11.81) ] (0.0024) {©.0076) ! !
30 (1.18) | 1006 |A Gl - S PR S
woa® 1, [©] 9005 °
| [ls R {($0.0020)
J | v [ L1 2
2o 10, e, |13 o oLc
& (sl & i‘—.¢ oK
2lls
[P = g —
I~
- =
[=]
— 1 HH 22§
] 4sh7 %y
- 4-9L.Z
Serial encoder Rotating section Tap x Depth*®

(Hatching section) (See the following table.)

Units: mm (in}

H ' s o
ﬂ1WWH'Jﬂﬁ w20 @,‘ﬁammamazmmuwﬁ}m 7

]
=
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e I e IS P A e A S A A
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P‘P] Pidit /mﬂg[ﬁg e PAW 3601DH-NF BUNDLES DATASHEET

PAW3601DH-NF Bundles Datasheet introduction

® The PAW3601DH-NF sensor along with the PNLR-00038 lens and PNDR-00004
laser diode form a complete and compact laser mouse tracking system.

® High speed motion detection up to 28 inches/sec and acceleration can be up to 20g.

®  This document will begin with some general information and usage guidelines on
the bundle set.

Part Number Part Number Description
PAW3601DH-NF CMOS Laser Mouse Sensor
PNDR-00004 Multi-Mode Vertical-Cavity Surface Emitting Laser (VCSEL)

PNLR-00038 Laser Mouse Rectangular Lens

Al rights strictly reserved any portion in this paper shall not be reproduced, copied or transformed to any other forms without permission. 1
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L% Pidit lnaging e, PAW3G01DH-NF

PAW3601DH-NF CMOS LASER MOUSE SENSOR

General Description

PAW3601DH-NF is a CMOS laser mouse sensor with DSP integration chip that serves as a non-mechanical
motion estimation engine for implementing a computer mouse.

Features Key Specification
O Single power supply

Precise laser motion estimation technology Power Supply ;32‘[ ,.,M:;E:Sfiv(\(/"];]i))];))) VDDA)
. o ;

Complete 2-D motion sensor

No mechanical parts System Clock (27 MHz

0O o o o

Accurate motion estimation over most of
surfaces Speed 28+ inches/sec

O High speed motion detection up to 28

inches/sec and acceleration can be up to20g  |Acceleration 1 20g

High resolution up to 1600 cpi } .
Resolution 800/1600 cpi

Power down pin and register setting for low
power dissipation

Frame Rate 6600 frames/sec
O Power saving mode during times of no

moyement Overatin < 18 mA @Mouse moving (Normal)
O Serial Interface for programming and data CI].:I‘I‘EIIt g < 8mA (@Mouse not moving (Sleep)
transfer < 200 uA @Shutdown mode
Low power for wireless application
Package Shrunk DIP20
No fly on the air
Ordering Information
Order number /o Resolution
PAW3601DH-NF [ CMOS output 800/1600 cpi
Al rights strictly reserved any portion in this paper shall not be reproduced, copied or transformed to any ather forms without permission. o)
WAL | FEREIREEA T ML I 500867, 530480, 525309, 560179, 526662, 554497, 1230800, 1287732 MEMANHER -
PixArt Imaging Inc.
E-mail: fae service(@pixart.corm. tw V2.3, Mar. 2010
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PixArt Imaging Inc.

PAW3601DH-NF

CMOS Laser Mouse Sensor

1. Pin Configuration
1.1 Pin Description

Pin No. [Name Type Definition
1 MSS LD GND LD ground
2 LD ouT LD control
3 OSCOUT ouT Resonator output
4 OSCIN N Resonator input
5 VDDD PWR Chip digital power, 3.3V
6 VSSD GND Chip digital ground
J VSSA GND Chip analog ground
8 VDD PWR Chip power, 5V power supply
9 VDDA PWR Chip analog power, 3.3V
10 NC - No connection
11 YA ouT YA quadrature output
) YB ouT YB quadrature output
13 XA ouT XA quadrature output
14 XB ouT XB quadrature output
15 NC - No connection
16 NC - No connection
CPLIO trap select pin
17 CPI N Pull-high to VCC (3.3V or 5.0V): 800 cpi
Pull-low to GND: 1600 cpi
18 SCLK N Serial interface clock
19 SDIO 1/0 Serial interface bi-direction data
20 PD N Power down pin, active high

1.2 Pin Assignment

| 1
| —|
1o 120 . -
] 1
] 1
] .|
] 1 +Y
000000
L = o =
° o
= ° 0O —
e - © 1
: 960000 :
10 111
Figure 1. Top View Pinout Figure 2. Top View of Mouse
All rights strictly reserved any portion in this paper shall not be reproduced, copied or transformed to any other forms without permission. 3
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PixArt Imaging Inc.

PAW3601DH-NF CMOS Laser Mouse Sensor

2. Block Diagram and Operation

Lb = LD | | POWER ON sov
VSS ID —] DRIVE RESET VDD ] S,
S
CPI —-3{ CPICTRL S
CMOS £ g VDD
IMAGE 2 = VDDA |33y
SENSOR 58 VSSD | POWER
XA & & VSSA
QUADRATURE <B = @ s
OUTPUTS EE gE
YA o e
YB £5 DIGITAL S= PD
= < SIGNAL
7 PROCESSOR
SERIAL SCLK SERIAL CONTROL ETITATER) OSCIN ]
INTERFACE - INTERFACE| REGISTER oscouT. | RESONATOR

Figure 3. Block Diagram

In the traditional optical mouse, it uses LED as a light source. The light illuminates on the working surface and
generates the bright and dark shadow that shows the micro-texture of the surface. The imaging sensor in the
optical mouse chip captures sequential this micro-texture images of the working surface. Based on the captured
images, the optical chip can determine the speed and direction when the optical mouse is moving. Thus, for the
more rough surface, the more obvious shadow image will be generated and much easier to determine the
movement and direction.

The PAW3601DH-NF is a CMOS laser mouse sensor with DSP integration chip that serves as a non-mechanical
motion estimation engine for implementing a computer mouse. It is based on new laser speckle navigation
technology. In the laser mouse, it uses laser diode (LD), specially uses VCSEL (Vertical Cavity Surface Emitting
Laser) as light source, where laser is one kind of coherent light. When this light illuminates on the working
surface, the surface will reflect and diffuse the incident light and generates speckle pattern. The imaging sensor
in the laser mouse chip detects the speckle pattern that generated from the working surface and determines the
movement and direction. Since the speckle pattern can be generated on the most of the surface if this surface is
not perfect smooth or transparent, the laser mouse can adapt on more surfaces as compared with traditional LED-
based optical mouse. The mouse sensor is in a 20-pin optical package. The output format is two-channel
quadrature (X and Y direction), which emulates encoder phototransistors. The current X and Y information are
also available in registers accessed via a serial port. The word "mouse sensor," instead of PAW3601DH-NF, is
used in the document.

All ights strictly reserved any portion in this paper shall not be reproduced, copied or transformed to any other forms without permission. 4
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PixArt Imaging Inc.

PAW3601DH-NF CMOS Laser Mouse Sensor

3. Registers and Operation

The PAW3601DH-NF can be programmed through registers, via the serial port, and DSP configuration and
motion data can be read from these registers. All registers not listed are reserved, and should never be written by

firmware.

3.1 Registers

Address Name R/W Default Data Type
0x00  |Product ID1 R 0x30 |Eight bits [11:4] number with the product identifier
Four bits [3:0] number with the product identifier
001  |Eroduct D2 R OxON Reserved[3:0] number is reserved for further
0x02 |Motion Status R - Bit field
0x03  |Delta X R - Eight bits 2°s complement number
0x04 |Delta Y R - Eight bits 2°s complement number
0x05  |Operation Mode| R/W - Bit field
0x06  |Configuration R/W - Bit field
3.2 Register Descriptions
0x00 Product_ID1
Bit 7 | s ] s ] 4 ] s ] 2 | v ] o
Field PID[11:4]
Usage | The value in this register can’t change. It can be used to verify that the serial communications link is
OK.
0x01 Product_ID2
Bit 7 6 5 4 3 2, 1 0
Field PID[3:0] Reserved[3:0]
The value in this register can’t change. PID[3:0] can be used to verify that the serial communications
Usage | link is OK. Reserved[3:0] is a value between Ox0 and OXF, it can’t be used to verify that the serial
communication.
All rights strictly reserved any portion in this paper shall not be reproduced, copied o transformed to any other forms without permission. 3
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PixArt Imaging Inc.

PAW3601DH-NF CMOS Laser Mouse Sensor
0x02 Motion_Status
Bit 7 53 8 4 3 2 1 0
Field Motion Reserved[3:2] DYOVF DXOVF Reserved[1:0] RES
Usage | Register 0x02 allows the user to determine if motion has occurred since the last time it was read. If
50, then the user should read registers 0x03 and 0x04 to get the accumulated motion. It also tells if the
motion buffers have overflowed since the last reading. The current resolution is also shown.
Reading this register freezes the Delta X and Delta Y register values. Read this register before
reading the Delta X and Delta Y registers. If Delta X and Delta Y are not read before the motion
register is read a second time, the data in Delta X and Delta Y will be lost.
Notes | Field Name Description
Motion since last report or PD
Motion 0 = No motion (Default)
1 = Motion occurred, data ready for reading in Delta X and Deita_Y registers
Reserved[3:2] [ Reserved for future use
Motion Delta Y overflow, AY buffer has overflowed since last report
DYOVF 0 =No overflow (D efault)
1 = Overflow has occurred
Motion Delta X overflow, AX buffer has overflowed since last report
DXOVF 0 =No overflow (Default)
1 = Overflow has occurred
Reserved[1:0] | Reserved for future use
Resolution in counts per inch
RES 0= 1600
1=800
0x03 Delta_X
Bit 7 6 3 4 3 o) 1 0
Field X7 X6 X5 X4 K3 K2 X1 X0
Usage | X movement is counts since last report. Absolute value is determined by resolution. Reading clears
the register. Report range —128 ~ +127.
0x04 Delta_Y
Bit 7 6 5 4 3 2 1 0
Field Y7 Y6 ¥5 Y4 Y3 Y2 Y1 YO
Usage | Y movement is counts since last report. Absolute value is determined by resolution. Reading clears
the register. Report range —128 ~ +127.
All rights strictly reserved any portion in this paper shall not be reproduced, copied o transformed to any other forms without permission. 6
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PixArt Imaging Inc.

PAW3601DH-NF

CMOS Laser Mouse Sensor

0x05

Operation_Mode

Bit

b

6 3 4 3 2 1 0

Field

LDsht enh

XY enh | Reserved Slp_enh Slp2au Slp2mu Slplmu Wakeup

Usage

Register 0x05 allows the user to change the operation of the mouse sensor. Shown below are the bits,
their default values, and optional values.

Operation Mode[4:0]

“Oxoxxx” = Disabl

e sleep mode

“10xxx” = Enable sleep mode!
“11xxx” = Enable sleep mode*
“1x100” = Force enter sleep2’
“1x010” = Force enter sleepl®
“1x001” = Force wakeup from sleep mode®

Notes:
1. Enable sleep m

ode, but disable automatic entering sleep2 mode, that is, only 2 modes will be used,

normal mode and sleepl mode. After 0.45 sec not moving during normal mode, the mouse sensor
will enter sleepl mode, and keep on sleepl mode until moving is detected or wakeup is asserted.

2. Enable sleep m

ode full function, that is 3 modes will be used, normal mode, sleepl mode and sleep2

mode. After 0.45 sec not moving during normal mode, the mouse sensor will enter sleepl mode, and

keep on sleepl
And after 27.3

mode until moving is detected or wakeup is asserted.

sec not moving during sleepl mode, the chip will enter sleep2 mode, and keep on

sleep2 mode until detect moving or force wakeup to normal mode.

Mode

Sampling rate @6600 frame/sec | Active duty cycle @6600 frame/sec

Sleepl

206/sec 22%

Sleep2

6.43/sec 2.25%

3. Only one of these three bits slp2mu_enh, slplmu enh, and wakeup can be set to 1 at the same time,

others have to
internal signal.

be set to 0. After a period of time, the bit, which was set to 1, will be reset to O by

Notes

Field Name

Description

LDsht enh

LD shutter enable/disable
0 =Disable
1 = Enable (Default)

XY enh

XY quadrature output enable/disable
0 =Disable
1 = Enable (Default)

Reserved

Reserved for future use

Slp_enh

Sleep mode enable/disable
0=Disable
1 = Enable (Default)

Slp2au

Automatic enter sleep2 mode enable/disable
0 =Disable (Default)
1 =Enable

Slp2mu

Manual enter sleep2 mode, set “1” will enter sleep2 and this bit will be reset to “0”

Slplmu

Manual enter sleepl mode, set “1” will enter sleep] and this bit will be reset to “0”

Wakeup

Manual wake up from sleep mode, set “1” will enter wakeup and this bit will be reset
t0“0”
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PixArt Imaging Inc.

PAW3601DH-NF

CMOS Laser Mouse Sensor

0x06 Configuration
Bit 7 6 5 4 3 2 1 0
Field Reserved[5:2] PD enh Reserved[1:0] RES
Usage | The Configuration register allows the user to change the configuration of the mouse sensor. Shown
below are the bits, their default values, and optional values.
Notes | Field Name Description

Reserved[5:2]

Reserved for future use

PD_enh

Power down mode
0 = Normal operation (Default)
1 =Power down mode

Reserved[1:0]

Reserved for future use. Must be written to “00”

Output resolution setting. In the power-on initial state, the resolution is depend on
the CPLIO trap select pin. If the mouse controller writes the register, it 1s depend

on the register value.

0=1600
1=800

Al rights strictly reserved any portion in this paper shall not be reproduced, copied or transformed to any other forms without permission.
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PixArt Imaging Inc.
PAN3601DH-NF CMOS Laser Mouse Sensor
PNDR-00004
850nm Epoxy molded VCSEL for Laser Mouse
FEATURES

« Epoxy Molded with round emission surface.

« Small divergence angle.

ELECTRO-OPTICAL CHARACTERISTICS:

PARAMETERS SYMBOL | MIN TYP MAX UNIT |[TEST CONDITIONS
Qutput Power P, 0475 0.7 ma [I= ™
\VWavelength hp 830 850 860 nm lr= 6 mA
Forward Voltage Ve 1.6 1.75 1.9 \ Ir=6mA
Series Resistance Rg 40 60 o le=6mA
Breakdown voltage Veao 7 14 vV Ir=10uA
Beam Divergence(h’ez) i} 8 degree |[lF=6mA

Notes :(1) Binning

APPLY TO PAN/PAW 3601 DH-NF

Optical power at each of following nominal bin operating current and constrained resistor at VDD=2.7V

Bin LD current  (Single Constrain csof::::?n Bin LD current cf:;f:;n rfoﬁ?ﬁi?n
grade {mA]) resistor:RIQ) | o cictar: v, @ | grade (mA) resistor :R(Q) | resistor: r,, (07}
P36 36 282 47 P50 50 180 30
P40 4.0 234 39 P&, 552 162 27
P42 4.2 234 39 P54 54 162 27
P44 4.4 216 36 P56 56 132 22
P46 4.6 198 245k P&8 8 132 22
P48 4.8 180 30 PE0 60 132 22

Single constrain resistor R value = 6 series connection resistor for eye safety protection
R = ry4rArtrg st

Ex. P45:180Q = 30Q+ 30Q+30Q+30Q+30Q+300Q

Pixart reserves the right to Rev250

rrake changes due to the improvernent Pf’f 1)

of process and package technolagy.
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PixArt Imaging Inc.

PAN3601DH-NF

CMOS Laser Mouse Sensor

PNLR-00038 Lens Dimensions

5 | =
3032
—————————— 37.22ua
:
i
see Jetail?
section B-B
g1
| = rlight?
) ])@ TR RHE I A R 2 i)
Jetail? PixArt Imaging Inc.
Scale 2il Title Laser mouse lens
Part Number |PMLR-00038
Rev, Description Dote |[Moterinl PMMA
Y 10[Wew [ssue 04/10,06
Trawn MHLChlen 0441006 |Scale |2 01
Check
Approve Rev, V10
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