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Design of Pen-Type Optical Mouse

Student: Jin-Shing Tseng Advisor: Dr. Jyh-Long Chern

Institute of Electro-Optical Engineering

National Chiao Tung University

ABSTRACT

The pen-type optical mouse is an innovative mouse design which based on the
principle of original optical imaging theory but it reduces the volume of mechanism
much smaller to be pen-shape. In the thesis, it presents the design of “co-axial”
illumination device to improve the size problem and to arise the MTF performance of
imaging lens in the meantime.

Besides, taking the problems of economizing power and cost into consideration, this
thesis uses the SMD LED (Surface-mount device Light-emitting diode) for its
smaller size, lower power loss, and besides, the cost is lower than the general LED.

In another part, the imaging lens takes the concepts of depth of focus into design for its
long hyperfocal distance application. To confirm the accuracy, this thesis presents the
tolerance analysis of depth of field versus MTF, the tilted angle versus imaging
performance and the tolerance analysis of uniformity and efficiency of the illumination

part.
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21 SGKE ABAL

KE AFEY RIS RRGEEEAE L TATHE R S RS ESE

oo £ B s hH A Gt E S (mm, millimeter) & 3 3t (Mm
,micrometer) 3t E % Mie b F i RF 4=k g k4o

- kg ke kA T A $4 % [ (object space) ~ ki st(optical system) £ i
% M (image space) = i §8 (% » doff] 2.0+ % BIVHH L Hge L B G 2 S A T HES 0 A
PR A JE ’f# 4ok 2.1 -

Object Space Optics Image Space

ol

7

B 2.1 kB LAEE B

2212 887 - RREPWEP NG po= R zEr X T KA Lo A G 0 8
FAE R - LRRRGAAFERLE B - R BN FEF e E AR GBS
WML F LR R R U R R e s kiR T e A
BRpE T2 A2 VAR RRNARp R TR R IR R %
FER S G TR R AR o MR TR 5y T R - ABLE 2 et e B
&5 = MTF(Modulation Transfer Function)£? Distortion - i&m 58 #-Ats & & & & 7 5p o
FR2Z X bt FRE - BAP RES X i BP kA R Ho F2

FRICREE o AFHT AR FF REA N LT LERAPE AR
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321 P ELHEAE S

¥ %z B Object k& & % Optics %z & Image
Space Space
1.4 % Object 1.5 & Dimension 1R sk~ iy
height 4] Sensor type
2.7 e Object | 2.1 542 » &4k g EXitand Entrance | 2.7.% Sensor
distance pupils (location and size) height
3.4 & Field 3.— Fg k& H 2 First-order optics 3. §#E Sensor
of view specification distance
4.3 R = Ff A #L+ Three-order 4. kR
Brightness aberration specification Sensitivity
(luminance) (Field of
view)
5. %A # - MEE kR 2= i S H Imaging 53 % ixﬁi‘
Spectrum quality of point-like source (spot v

(wavelength) size/MTF) Pixel type/size
6.4 E 6. i 48 2 2 5 Imaging 6.4p ¥ P A
Emitted Flux quality of 2D-like object (field Relative
(Object NA) curvature/astigmatism/distortion) Illumination
7.2 ‘i 2 X .5 F Imaging [
quality of 3D-like object (depth of Spectrum
field/focus) (wavelength)
8.2 i 47 % I (Transmission) 8.8 jci &
Flux
Acceptance
(Image NA)
22 % ALMHA

kA KE AN BRauEARY o Sd BB OdTE R ek SHDE S s o B
TEEA MR E S F 2 o d pkMmagEd > 3§

BT B T irde > kAR el i



L2 B8d FA P A RREI R HE A PR EHRERITHFNLE R A

VAAEL MBI R TG A L LB BT AL L o T Y
LR ES BT FONE NS RS £ SR ol T A

WIS KM hS o ¢ 0 g gE kgLH) (Spotdiagram) o kELR] T AR

LR EF H S i 5o M H BT LR B B SR ke

ET

o d kg d | 7 @A R R 2 L EGA AR R H T R AL
EE RTINS FUE RO L I A

Aol 2.2 97 0 - R KGR R S R B B AL S St AT AR AR
PSR APT TERA L - AR L R[11] -

INTERSECTION OF RAY
WITH IMAGE SURFACE

APERTURE OF LIGHT RAY
OPTICAL SYSTEM

INTERSECTION OF RAY
WITH APERTURE

(s)
</
LIGHT RAY

VUL R IR ARL RS A M R E R IR w L v d Seidel A o A E
B2-147 5

Coap* + Coyrpicosp+ .C,,ripicosip+ 2-
W(r, p, cose) = 0 4FF‘H 1ba1 7P P T 2lpTp P Eq.2-1
2Cor?p? + 3Cy 7P peose + Higher order terms

E-J. k 2 A 2. 22 v
_'I:it‘ EC_;I'J{TPCGS @Eg”} :‘C_;u'klg,\%ljgﬁ’;;,r\,ﬂ\@;,} ‘i;}vzrﬁx)\ﬂ%—\,

ﬁ
=N
;9“3

By dhend & o — ALk > = P38 2 Seidal hE TV £ 7 & E o { B P e TR
%fﬂ“{ﬁwav’—&é%%a%ﬁ@ia%ﬁ’aﬁﬁﬁﬂ*ﬁwﬁm5%@
AH IR AP UG o Z AL Gl 2 K8 sib 4ok 2.2 0 [12]
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322 Z P et R R &

i s P H
+Cao e i Bk pnT 7o 8k A4
( Spherical aberration ) PR R BATE S B
FEERRB LR -
1Cay =k 4 Hrphi kA z & gk
( Coma aberration ) Iy SN S ST Y
A FRACEDE -
2 Caz Bio i S S0k T 2
(Astigmatism:) G R R - X
Ajsenif L e
2Cg K ¥ OMAIRE L E AT
( Field curvature ) T AR Bphi R
ght PR g > R
B A AR WG oo
aCis L AL B A [ T9 AT
(Distortion ) B 2 e x %2 Fa
SPENA I ETE

% 2.2 #7F B enij A S g 4R L (Seidel aberration) - 4 R # ¢k enif L AR o
bR kB ek R 2L F ks AR E e sk rrldsenifE o § £
(Chromatic Aberration) = Fl& d %02 ek & k40l A € 7 7 I o7t 5 F
B FRAGT G iz ¥ 3972 8 - - ¥ A S % ¢ £ (longitudinal chromatic
aberration) £ # = ¢ £ (lateral color/chromatic) i3} o sk B K- g Fi® i pF o

Bk SR A 0 LTS A el



WHITE LIGHT RAY RED LIGHT RAY
BLUE LIGHT RAY

BLUE FOCUS
RED FOCUS  TRANSVERSE
_ ~/ AXIAL

[ -~~~ CHROMATIC
8 ABERRATION
LONGITUDINAL

AXIAL

CHROMATIC

ABERRATION

B 23 5w d £ o FlZREDT R S75F LR > 3L FRREO 2R
WERED AN E DI L

LATERAL

COLOR
RED RAY
BLUE RAY

APERTURE [\ """ I

Bl24 od £-hk- ETh 2 FAEARITHT e PEE 2 Faidtdd H
1)

23 F ERFMEARIFRE

231 f§ % kEEImA

B A~ PP B (Pre-design) 2 i ¢ e @ % B 2ok B (Gaussian optics) i iz 0 32

d 4= iTshk & (paraxialoptics ) % 2 12 = £ = i (perfectimaging) - 1/ B #rk &
AN FEBPRAREE R IR LA

fi# (f-number) 3 — BRR3-end gtk AT » BBEF F BB &R

3T o 4esh 2-20 fi# 5 § v & & (EFL, Effective focal length ) 22 £ B & = ( Clear aperture )

vt g > NA % #icig 74 /= (Numerical aperture) ~ 8% gk ks & “E L7 o

A (Illuminance) ~t % # % % 5 5 (transmittance) ~ B % %R % & (Brightness)

ey FFL_1 EFL_ 1 Ca9.2
#=Ta EECA,FEJ_E(NA) 4

10



cA
sinf (5) 1.1 1 Eq.2-3
B~tanb = ~sind = ——= —(——=) < (——
cost EFL 2'f/# f/#
CA ™"
- T wT-t-B 1 Eq2'4
E=mn-t-B-sin“(f,,,)=m-t-B-

EFL| _ a(F/)2  (F)

g5 230247 e @RS FFTE £t o g g f-number shiE 0 F e

R kA gk esE g0
Bt b R RaTdhA il B e cat B A ) 42 AR ] wg B R L
€ 0 drk 230

2 2.3 VLA P BRSSO HA L Rl

Aberration vs. Aperture vs. Field Size or Angle

Spherical (longitudinal) s —
Spherical (transverse) et —
Coma e h
Petzval curvature (longitudinal) —_ h?
Petzval curvature (transverse) y h?
Astigmatism and field curvature - h?

(longitudinal)
Astigmatism and field curvature y h?

(transverse)
Distortion (linear) — h?
Distortion (in percent) - h?
Axial chromatic (longitudinal) — -
Axial chromatic (transverse) y —
Lateral chromatic — h
Lateral chromatic (CDM) - —

I#
o
s
3

‘_
k-
4
"
=
4
=
LS )
)J

e £ oo KA AEEHE R 2 L o doT 3 2-5 97oF o

z=fly) = ———2 _ 4 ADy* + AEy® + AFy® + AGy™ + - EQ.2-5
14+41—c2(14 k)y?

He z 24 aFRGAg)~C 247 ¢ o F(curvature) ~y 2 &G FiE- BLF kphz 28

B B~k L4873t dic(conic constant) » ;A7 = =t & & 7,378 4ok 2.4 975 - AD~ AE ~ AF -
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AG...... FR2rke B Gk
K<-1 @
K=-1 b4 @
-1<K<1 #[H
K=0 3%
K>0 95 [

B 25 = =xd o B % B

% 24K EE - td @ B %

k>0 wRe (k)

k=0 B

-1<k<0 e (Efhikint )

=-1 j"z‘f’ﬁ' i

k<-1 |

24 = i & F %@ (MTF - Distortion) 4 %
(1) x5 % (Optical distortion)

VO G b BE A B TR AT ph A 1h2 3R N KR B ) A REL A R [13] o ve R
FREFSHET P RAIET AR LIRS T P R A { S F[L4] 0 - Ha 3 EFAR
FaARL i AR > R HRL VA7 A PREGL T BT Gk I3 R
FiFark o RE hhant 8§ 25Nt 26

Real image height — Ideal image height
Distortion = g g g g

* 100 Eq.2-6
ldeal image height % a

dodk BB IR B Rk PGSR S T o A5 A % (pincushion

12



distortion) - 4-@ 2.6ac & 2 > BB LB E BIT R RERE 0 5 1A
wd 5% (barrel distortion) » 4[] 2.6b o A& - fRAEAR kA > e B AT AN R

BP ARt FE RN 1% R BEF o FT A o E A 2%~3%2 /F

W R AL R o [13]

Distorted
image

T ]
— T TT

1

Undistorted
image

@
8% it v

R 2.6 w5 ° B H

N U RN

(2) f o ¢
A s 3
$#7RGBH# &

% 7 PF'LB"—:\"%{“ _,E’f‘l

4 R £ ik B e
L 2 (pixel [0 N W T[N ) A B )

A

.

EengEk A ik £ 8 LR
o g i 24 Stk A A5[15] o
(3) Ap¥+Pe & (Relative illuminance )

FHER LA GRFETERA LY L BAR DT A0 o RITEHEF I S st

2-7:
E
RI = —adga Eq.2'7

center
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—,ﬁ: v Eﬁ'dgﬁ';%fﬁ é%%fi > Ecanrar%%fﬁ 4 'Uﬁﬁfi °

IERR G LB < ] UE N BT TGk R M EEBAS S QAR RAARS 0 F

2 PR AR 2 TN e ST Bt o RN M I T G nd BT d coS
SR R RAR S RIS R R AR SR € AN ok - B R L S R
BT 60% 0 RIT AR A RTEE R SRS G R E G P R R L B[15] -

(4) 2 ks & & (Chief rayangle)

LEMF S A HF RS ET - Rl G E f L R EI L
il DSt AL RMAER R G e B Ao R 270 BB oG ff kT
keSS bt AL G 4 D F BB R S AT SR R T b ek
B hankatd v S0 REEL P R ReRFAF IR E R F iR ML R AT

i A B T ST A% ] A& [15] o

EXIT PUPIL 5
8 A
0
IMAGE ]
T PLANE

W27 28 RT LW
(5) MTF ( Modulation Transfer Function) 3 1|3 3% & #c
RV S “mm@{ ' B E & TR lg\w’?ﬁmz\ oo o@ PR ]g\pr"?rr— A5

A& e 30 ﬁ%i?ﬂﬁ MTF ( Modulation Transfer Function) # 3[16] °

AP T - e kB KA M AeE 2847 c HEP S RS TR ARE UV

LA AR Xy IR 2082 7i A | 5 LB D 5 2 KB T i SRS -
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Entrance  Exit

pupil  pupil
/ N y /) y ] v

] x

Object "Black box" Image
B 2.8 — i ok ks
P gk B L AT BT G 0 g < k8 (Fourieroptics) &I > gtk it 49
M 2-8 %1 ¢

Uz-[uﬂi’]=f J. h(t= & viee 1 (5,90 dEd'R Eq.2-8

He U, (&, ﬁ];#ﬁi S = A G},g:,ﬂi[u,v];; T G JRtg A H ‘;l.,gt,h(u—ﬁ,v— '?fj;f;\
248 %75 B (Point spread function) » BEJEHg S dicenk o7 4o 2-9 ¢

A e P
h(u = ﬂ P 3)e T gy Eq.2-9

p(le);é* :”L/?i.lﬁ"gt (Pupll funCtion) > d ;T\“ 2-9 ¥ #ie> %%%iﬁvﬁé 3L4’§‘_ﬁrﬂtféi§§ "i‘ﬁ
oo B L BRI AT SECR S N E e o P E 5N 2-10 > iRty @RS i (ATF, Amplitude

transfer function) - ¥ ¥ i fgda 5 41k & @ f & ) (OTF, Optical transfer function) 4r3t

211 :
ATF : H(f..f,) = F{h(x, )} Eq.2-10
s ___ F{r} Eq.2-11

OTF * H(f..f;) = 1T 1r (% 2) [P duds +

B {4 B~ OTF e i® IlJlH[ﬂ’ﬂ-h » b LA 3 S0 #ic MTF (Modulation transfer

15



function)
v MTE 2878 i B e 3 A 8 B F2e07 38 F1 5 MTF & & 7 88 = ffeh¥h s &
BEHRE M VERF BT RAFEHS RS TR R oEZm  MTF 5 - f&
PRAGEE ~ fF ZFYRE MR GETRE SV 0 I PRl 1BF L L a4
R - MARMMIF AT APV B REMTF§ i S AL B o
4oV 2-12 -

'{mrzx | 4 '{min
MTE = e cmin Eq.2-12

mrzx—l_'{min
P Imax g A AR dE s A Imin 2% R B B ¥R R R MTF 2 1> A 45

el o R4 A ) gEsHE 'L (Diffraction limit) = %% - SESHEIIL 4y A Bk

1
LFERSERT A BASF o4k v LB ey L ok £ e #g 75

ki SEsil I a R FER[AT] o 2t AR R M H e SN B - B R TR

ling pair

PSR E M H L miimeter o [ 29 5 USAF 1951 MTF R5# B+ ¥ 5 1 %

!

— P
III S Nmes |||—3
= i \"f H=4

— ||

__D
m =

] 2.9 USAF 1951 Test Chart

w

oD U1 I
W |

B 210 5 - MTF & 65 > Bl= 2 MTF e B » ST 3B > Fdi 3
B PRBRRZFEI IR ZAHS > RifAF R OF @ F APk MTF
¢ » = % (Tangential) £ # + (Sagittal, or Radial) - B+ % ¥ /&2 o3 A& [19]
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% Intensity along image slice

,::\-‘
\ “O.Image 1 1
X ® Object:
RO 0

X S Py : Position
Image m-._“-._

k'\ ot O Image 1:

=\ S i

T S, 0

\ A
] v A e o - ) 2> . - " l
Spatial Frequency (cycles/mm)
TR fa
z ]
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¥=F ArREAL

3.1 kFF R ERE

AS

p % #_4 =~ @ (Agilent Technologies) »*+ 1999 & % # IntelliEye -k £ 351 & s » 1 £

LB R A TR LT F R ”“iwbi—%wﬁa % ik > 7 2001 # 5
itk &

4. 2_ P p3p 2.7 Optical Mice and how they work” B R A3 TR - [20]
LEFERERE - B AORRASL 55 ¢ FF R DRAPP IR GAILE > 4o
B131c 3% fpiig kgt s BB LRBIT FE T > 2 FRlFark s o &
B2 A0 Ag AR BEFR Y A BB RATHE S AR kAR o A
BEIREF OB Fo A EDZa AT FREBRFE R 2R FH L R
o i RiEE 4y 1500 &R S P RREIRRER S P P 2 f 2 £ BEY

A B3 kB RJg?sl & (Optical navigation engine) + i {7 7 a2 o

B 3.1 & i R o #E L G FiE

7L & Jm: Agilent’s Data Sheet” Optical Mice and how they work” page2
KB R JT5 | H el B2 < Mo S FER R L F 2 HE #E 0 o] 3.2
BRPHEFFRA T EBEA RAHE TN T RGN S R AP - S
B SL i B R s R gl T SRR 2 AR B 2 A

BEYE > B F P TS XY ARk gy D Befg b o

18



3.3[22] -

A. Imageatt=0ms
B 3.2 551 BFyes i i m

B. Image att=0.67 ms

BB 2B AZ S
k2

\.‘\w

-—:Eb*‘bqla g

%

% b DBl A
P

FL %k :Agilent’s Data Sheet” Optical Mice and how they wor

” page3
3.2 CMOS i@ 7| B ~ &
3.2.1 CMOQS B’ ffpt P B 2 it G4

2 CMOS ( Complementary Metal-Oxide Semiconductor) =

VIR RIF R S
1968 & ig4kdk & % > 7 ¥ d T 4§ pF X A %] (Photolithography ) A = 3 > A B 3
R E R R B P 5 19904 X e = ok X

B s R BE T

o PRIV R AL
1 p [21] - CMOS %

g CMOS
Tl R % A S ST e kg (Pixel cell) i
A L CMOS Bt RIBenh # H = o g - Bk BRSOk A 2 g bk
S HFIT s 23 - RS
A R Bl L B

=~

LAY 0 Uk B Ao B o R R E R M PT

-

e

7

“~

( Gain Amplifiers ) &2 #gt /fci~ 3 4 % (A/D Converter)
(6 FEPP R R4 EL ] B A5 o d Rt ﬂbf§¢—

" CMOS £ f§ s R B » 4B
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F Time Generator

g Sensor Digital Output
Array

-4

3

(-4

Column Readout Circuitry

T— Voltage References |

B 3.3 CMOS ¥ i} p] B 2t ’F#

CMOS ' fjl BRI B i 1% $H7 » & 24k de fof gkl (CMOS Passive Pixel Image
Sensor, CMOS PPS ) #2 i #: 2% * jp] ® (CMOQOS Active Pixel Image Sensor, CMOS APS) -
ARG SHACH 34 T F o RILE HE B AT LW (R E) A0E R GR R

ARy ((hZ) AHBM > FERFFNTIL BT I REFNRLFTEY 3 Fend
Wb A BRI E S BENE F RS e RSB RR 0 B F A2 e

WERKGABEFER D A HGRER AP AT RASE - G e B2

=)
=

aIL:I””" L i% ﬁw\ 7 K{ﬁﬁi@‘. TLI—’J’JFF . By 2 E"z\ﬂ—"ﬁfﬁ/ ;’f']ﬂq %ﬁﬁq;i% ) L T'ﬁ_;‘g;ﬂ‘ N

FeA bR RN A FigEk AR £ R F R RZBGEHE R E][22] -

) : A ﬂ \:['E:: 24

I ¢
=

word .
word

(a) PPS pixel cell -
(b) APS pixel cell

uq

Sensor

Array Sensor

Array

Row Readout Cireuitry
g
Column Readout Circuitry I

L ]
o N

YY -y T

Output Cutput

m Column Readout Circuitry | Column Readout Circuitry

(a) (b)

DRRACVES S DB A (VER S & $ 4
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3.22CMOS ¥ kR R E =82 w R 2

BB G F - BE e A - R R A e AL S BRER
g BIFE F it 15202 1% &= Y%A (binary coding )> — 43 * 256 1 B % (picture
cell) » A 246~ 8@ > SR A 111111 £ 7 > @ & A% 000000 % 7 -

4o @] 3.5 - [23]

Last Pixel

FF |FE |FD |FC (FB [FA (FO |F8 |F7 F6 |F5 [F4 |F3 |F2 |F1 |FO
EF |EE |ED |EC (EB |EA (E9 |E8 |E7 [E6 |ES [E4 |E3 |E2 |E1 |EO
DF |DE (DD |DC |DB|DA | D9 (D8 (D7 |D6 |D5 | D4 | D3 D2 (D1 (DO
CF |CE |CD (CC |CB[CA|CS |C8 |C7 [C6 |C5 [C4 |C3 |C2 |C1|CO
BF |BE |BD (BC |BBBA|B9 | B8 (B7 |B6 (B5|B4 |B3 (B2 |B1 (B0
AF | AE |AD (AC (AB AQ | A8 |AT7 |AB | A5 |A4 (A3 |AZ |AT|AD
OF | 9E |9D (9C (98B 99198 |97 (96 | 95 (94 |93 |92 91 | 90
8F | 8E |8D [8C (8B 80 |88 |87 (86 |85 (84 |83 |82 |81 |80
7F |7E|7D |7C (78 79|78 |77 (76 |75 (74 |73 |72 |71 |70

6F | 6E |6D |6C (6B 69 | 68 |67 (66 | 65 (64 |63 |62 |61 |60
5F | 5E |5D [5C (5B 58 |57 |56 | 55 | 54 563 |52 |51 | 50
4F |4E |4D |4C (4B 40 (48 |47 |46 45|44 |43 (42 (41 |40
3F |3E |3D (3C |3B 39|38 |37 (36|35 (34|33 |32 (3130
2F |2E |20 |2C (2B 20|28 |27 (26 |25 (24|23 |22 |21 |20
1F [1E|1D |IC [1B 19 |18 (17 [16 (15|14 |13 [12 (11 (10

HEEREBEBEEE RS

OF | OE |0D (OC (0B 09 (08 |07 |06 05|04 |03 (02 (01|00

(a) First Pixel ; (b) 2 1

133]35(a) 3% ake B (b) 7 ﬂ”nf /P'waaif%ﬂﬂfz

CRNIE U Rl SN P -T8) Wik i {ﬂ—éééﬁfﬁﬂ*m%&eé*ﬁ@‘%‘_""—55%

5 m‘zwmw.w*m Fip AR () B = g 1 5 g A (D) B
P E @ Fl%f]i%mii‘lf’*l X oo At B 3297F o Zipd BEME FASIEG L OB E
BPER R B s 3'% % &«?J%lfﬁ'i *‘&rﬁ]%ﬁ%ﬁvm'&w’ua k- B%
BPERY SR O iR A ﬁ;u.ﬁéﬁ%?ﬁ AX 2 AY © Ao Lk - B % b F R dh
AR EREH IR E EIFR 0 FHIE TR EIERE , (Motion estimation ) [22] - ¥

T 5 7R

AR O R PI BB AR kR e Elcp 2 B2 BT

(i

¥
#E g G oS BNXNGEE % s (block) & 5 - Rsguky bz W%
4o ] 350 0t fA 1 T B 5 B QIR R0 21 T R LB i FER)2 (Block motion estimation )

[24] -
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POSITION 1 POSITION 2 POSITION 3

;: / 1 E u

| / T 11 |l

\\ / POSITION 8 POSITIONO  POSITION 4
/ ‘ N |
b / 0 O S EENNN
I . N
1|23 ‘ L N
o o e
8 +0-+ 4 1T 1 NN EEEN
b

71615 POSITION 7 POSITION 6 POSITION S

T TTIT] 1111

Bl 3.6 ¥ s ik RIZ R W

B 3.6 2 T Huds P2 F 5w - BE i (frame) ¢ 2 N X Nig 2~ (Position
0) ¥ %% Wl ije(reference frame) ° & F #w - B 53 B R {op » F2~ 3] &H®) i (current
frame) i& {7 %3 i ifuigl o 5 78 28 % s (Position 1-8) v - B fch

FHE o T F A S e 3B AR 4 R A o [22][24]

3.3 CMOS # kg | % ~ i —PAW3204DB

A2 AT J RAp L 2 @ (PixArt Imaging Inc.) 773 4 & 2 i 7 & & AUF &
BRIE > 21505 PAW3204DB - iF 8 0 BRI B0k F1A & 4 0 L AN RS BT
AR RS RIFI e e e L KR RS L BT RS E
e B R PR (P h g e
3.3.1 PAW3204DB f | % .14 [25]

PAW3204DB CMOS £ & &g Rl &7 ™ 7|48 ¢
® HT Rtk
® =z 2D (AXAY) g nn 4
® tifiiG YN dRGEE

® 3 A5k & idpliE 28 inches/sec
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% f247 4 4 ¥ 1600 CPI (Count per inch)

Mg S k2 B2 4 e (Serial interface)

S ] 5 2 A I B

M oaE AL 3 g (Low Power Timer, LPT) 12 % % iR fic 5%
=+ MOTSWK pin 14 % % i 4 s, /4 (7 Ho 5

piE LED &R Sed T

PAW3204DB CMOS & /- & g p| 4 £ 2 4e 4o 4 3.1

# 3.1 PAW3204DB CMOS £ £ i &l R iRl & 1 & R4 %

ltem Specification

Power Supply Operating voltage
1.73V~1.87V (VDD and VDDA short)

2.5V~2.9V (VDD)

Optical Lens 1:1

Speed 28 inches/sec
Resolution 400/500/600/800/1000(Default)
/1200/1600 CPI
Frame Rate 3000 frames/sec

Typical Operating | 3mA @ Mouse moving (Normal)
Current 300 1 A @ Mouse not moving (Sleepl)
60 1 A @ Mouse not moving (Sleep2)

7 1A @ Power down mode

Package Staggered DIP8

PAW3204DB Bl B3 ap 2 = 4 = 381> » 4@ 3.7 o
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LED _ﬂ [ED ‘ ‘ POWER ON |
DRIVE RESET
CMOS IMAGE ‘o
- MOTION/ SENSOR o9
MOTSWK WAKE UP ZE |-V
55 25V 729V
v POWER
WY |—-vss
29 1.73V " 1.87V
g 9 POWER
SERIAL scLk—» SERIAL g:gﬂ:ﬁ =< . |—T—VDDA
INTERFACE [smo‘ INTERFACE PROCESSOR
CONTROL
REGISTER OSCILLATOR| -l OSC_RES

B 3.7 PAW3204DB £ P] B $R # i e B F)

3.3.2 PAW3204DB R B B & & % #c

Tk FRERIES S S ARG 2 AEE
¥ ipfEe~# & (Frame rate)

XAEPN RS Frfa RS o dp PR L o R RET LR R 4 o
$o it S8 H =3 % 12 FPS (Frames per second ) # 71 » 7 fedfds BR* M A1 (Hz)
%57 o iFRILE ¢ % LED RARSHI (Fd o » EHR PRI B - Tawpd o 0T
# o F 5t elpe (Snapshot) o d R4 % & 51 & (Navigator Engine ) 4 47 et fi
L P-RALE G B R BB 63 o el o R AP R g -0 B
Geid poAE I R SO S B 0 BB R AR P A ARE R 2 o
AT ez oAk 5 o Y EEE T AR LA - B AR T 0 R Ak F U Bk (7
PIEF o L Ac s i & 2 35 waficenf b 3t 70 P - [22]

2. =# %47 & (Resolution)
f3247 B M = — 42 dpi(dots perinch, & & v Bhfic )k & 7 0 4 i F %2+ 12 cpi( count
perinch, & & v R & i) ZE DRI EY - AL EI B 0§ TR A
P od 0 H pEgE Y ap| BB e L E - AR P R gAY
h R EE S R EBEERR AT ARFF TR TR Y P N RG
IREIEWAR Y Lok A kr B ﬁ&",:ﬂfﬂp%, *EFERIFRASD ﬁw\ °
[22]
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3. ##:& & (Motion speed)
BARF R T HE T OEF R AR ERE RARR o AP T UL R kT KXY

OB R kR Xl et & B 9T 20 245 B 7] £ Be— T 3560 800cpi 1245 A
4

v

LR AR T 5 % R A B R RS- B ed A 73 800 =t #ic (counts) st E o AR

K igE 4o 3138 > 2 B A3 30um A i B F - = (acount) eaimFs o 3

AP ALS T &I TRLS L it + o 5 30umX30um . [29]

75um = 30um Eq.3-1
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Fri LHFRHZ LG ARLER

4.1 ¥%

LF RUFM AR R R Ry 0 2 & d k- 4R (Light-Emitting Diode ) ~
BIR & 2 (Detector sensor) -~ %4t (Lens) -~ B k| & 8.4 (Print Circuit Board) % #’
BAREPHE TS o deB] 4157 0 £ B AL BB D LAk 0 i

F o 4@ 4.2

Sensor Clip

Surface —
Bl 4.1 - &5 FESHH R
R K R
Agilent’s Data Sheet “ADNS-2030 Low Power Optical Mouse Sensor*“‘page3

(a) (b)

W 4.2 3 RSHHM - @) 518 2 HF 0 %% BHA)E R EQ2) 511353 a
£5(20) BFLETAG A AW)I IR XA EL) R RS o () S F kA
i (11b 34 k- 4Ry 12 5 6 8)
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TR KR
US Patent 7098894, “Pen Type Optical Mouse Device and Method of Controlling the Same”,
Hoing-Young Yang, Seung-Gol Lee

v

AT ERT Y EFHER T 4G 4¥ 34 % - t4g (SMD LED, Surface
Mounted Device LED) » gt sk~ £> 1080 # 4= 1130 » 3 8 FIR { | gt EN Z 1
B #it @ A [26] 0 A A Y o F AL A AT E K- e
Hito R F MR o g AL RF KL TR > 1% L F it Code V& (76 5
K8 4 47[27][28] o Rt AR 0 fIH dp 4 ROAE R SLER TR [29] 0 2 T

e fa s R ®ASLA i L X2 Wb A BRI G O E > £

\
N
i §

TEAREY A At

42 KRR

ARG R E G TR 0 o B P E o R AR 2
T4 TREFEL? - TREF@E@FE?2, -
421 i 5 @R

PEEIES SN YAl A R IR SRS LR s e T
AL Tl LR R s chR e o - R ehp kA g CMOS 2 CCD 4 # » 4e
kg o gk AR CCD f i £t (f-number) i & % %328 2+ ; @ CMOS g %
Bk o Eob (f-number) eiF T4 RN 3~4 > AR LR S 0 A kR E R
& £+ > CMOS 4 &+ i CCD % #F 4] - -4 CCD 22 CMOS ik BE R L
brd 4.1[30] > % £ 4k 227 p % AB%E % CMOS Sensor— PAW3204DB % = g il & >

Aok 4.2
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% 4.1 CCD £ CMOS if44 BE1 1

Bk |Eek - 2
FR R G - kR RRAL -
(] SRR S N 1
CMOS oo ‘#fﬁﬁ’éﬂ’;g‘ FtTre AR
F VR P
MAEI S F R R A
BARE CHERZEHA
CCD Wit A QAR A e
P R B E g
# 4.2 #EpiE 2 CMOS #R#
g e
A R PAW3204DB (CMOS)
R 30um x 30um
3 %G i 0.48mm x 0.48mm
422 x5 F‘ &7 F
S g B E T G ek AT G o Ra d Y
AR [ R E FROFIRF AR EL S E 6mm e

TAF T m RS

’4’4{-’5‘/

THLER 2k

B TR

i

¥
p

F_&

d 3 CMOS R £ ~ % 5 »zg 4 5 0.48mm x 0.48mm > d ¢+ 7 RIFH &R R 5

TRRTLE & 1L0mm/2=05mm: + LR CMOS fg 6 7~ 2 g % & B ]

1. %% (Image height)
V0.482 x 0.482 = 0.68 mm ,
2. kpm ¥ (Pupil specification)

£ Fh A E R

o)

21 bk AR e §

28

- k@ 2 i % &t (f-number) -

A REESET OB ERERT 1L.0mm s T 4R

~ o



<

4 »x & §E (EFL, Effective focal length ) £ » g& & i< ( Clear aperture diameter ) 73+t o
fe g Bk AL 0 B F T AP side § 0 r2n I (Magnification) & 7383
R Ak AL g 2 5 R B /2 (ONA, Object numerical apeture ) - & A i i
PETORLEE ~4p TH K2 f-number -

MTF ( Modulation transfer function )

d A E R CMOS Bk~ 224 % ~ 0] 5 30um x 30pum » T ¥ % jg % £ = 148 5
1 ot
B Ekim> Fpov Ut ¥ @ h Ak B 2 2 B 4E S 5 2xaum 16.67 lp/mm ’
=

P Y RS Lot R R MTF &% 2 25lp/mm & F . 20% 2 + o

e f

-3‘11\?,

% & % (Distortion)
KB uE g ARG AL & § 5% .
# /% (Depth of field)

¥ = /EiE 6mm e

REFERENCE
PLANE
IMAGE
A PLANE i Ny
\1
ExiT ; l
PUPIL ' BLUR
A ! 21 B
’ T
]
f :
DISPLACEMENT OF REFERENCE PLANE
FROM PLANE OF BEST FOCUS

B 4.3 B F5AH
RFOPELE 2 BEOTER AR R 4 HORELY L L ADEK L S A A
FREddn ch L f gt RPN o B F J e FALSHE (O SRR P 3 B UR)[3]

Tk 3h P AN T A OEEAE G~ Akt
— fA

=g Eq.4-1

D

B9 Duyp s 5T ALEHEAHEAE ($BT X8 S5 EE) A 5 HH » k@

BASTLBREEFENE BLivELafe. (Blur) /8 4Bl 4304 X 4-1
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Ve BERIFERE O RMPIELEL BHE o BE - Hfnd o bk
R FE ) FER > R N AR R R B A el e
6. ,x%& & (Total length)

;‘»z Sk Kﬁ,"lj A 50mm 4 AN

~

+# & (Material )
WP - a3 H R A &% Bepips (PC, Polycarbonate) -
B R Ae 2 4.3

3043 T RS Gk E AR A

xR 7 Rt %
1= FE(object
I-1 4?_ (0b) 32-35-38mm ® 7 6mm
distance)
kB k|11 f-number 4.2-3.4-2.8

11-2 | % (distortion) | < 5% (<3%)

%, 4L B
I

11-3 (TTL) <50mm i |
-4 AER 4 2~3mm
-5 .f‘:é%ﬁé 2B PMMA or PC
oz R
(Bkait)
MTF # .t 47 5 (cut-off
-1 iy Tl 30um B/W frequency) 16.67 Ip/mm
— >0.2 @25Ip/mm
-2 R Tyl 0.68mm 0.88mm~L.0mm % —0.44~0.5mm
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43 "‘J:“‘: /uhﬁg_

2 )‘L/ﬁ fi’k\—"@ 44 =~ 7T

RERER  RERE (Whsidk FFH )

) 2

FAtsAX  EAREES (perfect lens) FAessfi Yo

R
' (4oPP ~ PN ~ NP+ - )

e BE&I4S (Macro)  #iTHE1E

. 4
BMABREDEAREARETHLER?
' Yes
HAT N E 54
L 4
BENZHRAATHEERT
.' Yes
R o WATRAS A R

No

B 44 EiRi AR
4.4 Ti.ib'% N
B IE kB KSRl 4t f R e 0 B AR e BB 32-35-88mm o MTE 3 5 47 4 3R

£ A1* X8 548 Code V P /e flik & 0 sesh P e i (450 5 35mm) o R iEE

2,

AR TRE - AR R RN R A NGRS Wl B8 F S BHER 0 T H 2
o GEcT A EFIRL o4k 44

a4 g ix
W

" % (Curvature)

E B (Thickness)
23k 5 % #ic(Aspheric

coefficients)

a2 1471y
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BiE < a5
IR H e I )

o o ~10.05mm
(Minimum axial air spacing)
| 18 % & & (Minimum

0.14mm

edge thickness)
S R S )
(Maximum air edge 0.0025mm
separation)
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4.5

L %L
(31

-S‘I‘l}-"
ny

AR s WP R R AW 45 FHP BB R Aok 45

POS 1 POS 2 POS 3
. INFINITE CONJUGATES

Object EFL 3.5045 3.5045 3.5045
. BFL -0.2936 -0.2936 -0.2936
distance=32mm FFL -19.5641 -19.5641 -19.5641
FNO 1.6096 1.4716 1.3554

AT USED CONJUGATES
RED 0.2818 0.2270 0.1901
FNO 4.1442 3.3387 2.7954
OBJ DIS 32.0000 35.0000 38.0000
Object TT 38.0000 41.0000 44.0000
IMG DIS 0.5425 0.5425 0.5425
distance=35mm OAL 5.4575 5.4575 5.4575

PARAXIAL IMAGE
HT 0.5636 0.4541 0.3802
THI 0.6939 0.5020 0.3725
ANG 3.5763 3.2705 3.0128

ENTRANCE PUPIL
. DIA 2.1773 2.3814 2.5855
ObJECt THI 0.0000 0.0000 0.0000

: - EXIT PUPIL

distance=38mm DIA 0.3900 0.4266 0.4631
THI -0.9214 -0.9214 -0.9214
STO DIA 2.1773 2.3814 2.5855

Bl 45 K3+ 8% o 2 i ffpiRd VAT ®AE S FEE32>3538mm s i - B

% 45 3T RAFBE L E L L

I bz 7P e ES iR
+» BE(object
I-1 . (0b) 32-35-38mm 32-35-38mm
distance)
| kB kb -1 f-number 42-3.4-2.8 4,14-3.34-2.80
-2 15 5 (distortion) | < 5% (<3%) <3%
11-3 g E (TTL) <50mm 44mm
11-4 e A 2~3mm 2.67mm
11-5 é‘éﬁé 2P 2P
1] fam
(B %~)
=+ 25Ip/mm A
>20% It
-1 MTF @25lp/mm A7:iE 20%; ¢ o
(@251p/mm) 1 & 4 = £ 49.5%
-0.50mm
-2 %8 0.44~0.5 mm -0.46mm
-0.42mm
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=Y

ET

o
(aad

451 & it =i
POl R I ARG A S ST ARE R 0 E P R BBT HHRP

1. $§E% 32mm e
ASTIGMATIC
T I
FIELD CURVES PARTOREICN
OBJ HT OBJ HT
- 2.00 | \ - 2.00
| |
A
|
| |
1.5 ) 1
i |
L \
} \
}
!
1.00 ,r \ 1.0
1
]
|
| \
). 50 l \ 0.
1
| \
| \
1 ‘\
|
l T T 1 T | |
-0.50 -0.25 0.0 0.25 0.50 -5.0 -2.5 0.0 2.5
FOCUS (MILLIMETERS) % DISTORTION
Pen mouse lens design_ 32mm POSITION 1 JST  29-Sep-11

2

B 4.6 # BE 32mm — ffht ~ H-d 225 % e Bl (astigmatism field curve and distortion curve)
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g
B
il |
=
o
B
'3
|
=
HORIZONTAL FOWV ———————— Farax BOV
Aotual POV
Pen mouse lens design 3Z2mm Zoom Position 1 le-Jun-2012
Bl 4.7 4 3E 32mm— i3 % # 5] (distortion grid)
FIELD T
POSITION JST 29-Sep-2011
0.00, 1.00 » | RUS = 0.028366
0.000,2.000 MM 100% = 0.072687
0.00, 0.70 s i 0820635
0.000,1.400 MM 100% = 0.072266
0.00, 0.50 | e, = 05090008
0.000,1.000 MM 100% = 0.072512
0.00, 0.35 | | RMS = 0.031586
0.000,0.700 MM 100% = 0.076092
0.00, 0.00 | ‘RMSv = 0.034719
0.000,0.000 MM 100% = 0.079958

DEFOCUSING 0.00000
Pen mouse lens design_ 32mm
POSITION 1 e

@B 4.8 4~ i 32mm — sk =2 [§] (spot diagram)
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Pen mouse lens desig | — o
g e e 5053 RIRLD (:~1.25%) WAVELENGTH WEIGHT
B_Sea ;: 0.5 FIELD ( -1.79°) 650, 3 MM 2
DIFFRACTION MTF = L i 587.6 NM 2
e g 0.7 FIELD ( -2.51°) 486.1 NM 1
JST POSITION 1 29-Sep-11 T; 1.0 FIELD ( -3.58°)
5 DEFOCUSING 0.00000
0.9} .
‘:
>
0.8F :
~I
S 2
0.7} \\
M : S
N
go.s- ae.
U . S
L i
A0.5' N
T S
T e O
00-4f R
- .
N i \\.' X, 15
0.3 e s
S&
0.2}
0.1}
| 1 1 1 J
5.0 10.0 15.0 20.0 25.0
SPATIAL FREQUENCY (CYCLES/MM)

TANGENTIAL
FIELD RRIGET
o (-3.58 ) :’:‘::é—’;//
~0.041166 ~0.041166
0.70 BELATIVE
FIELD MEIGHT
i =1 :or_‘:ﬁ
~0.041166 ~0.041166
0.50 REIATIVE
FIELD MRIGHT
0.041166 (-1.79 ) 0.041166 f
ﬁ ~0.041166
0.35 REIATIVE
FIELD MEIGHT
0.041166 (125 ) 0.041166
%0; ~0.041166
0.00 REZATIVE
FIELD WEIGHT
~0.0431¢6 -0.041266
Pen mouse lens desig PR
n_32mm — ST W
RAY ( MILLIMETERS ) [————————— 4861327 ™
JsT 1 29~Sep-11

] 4.10 4 §E 32mm — Ray aberration B]
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2. FFE % 35mm i

ASTIGMATIC
DISTORTION
FIELD CURVES
OBJ HT OBJ HT
i
|
£ 1.
|
|
i
‘ 1 1.
T — T 1 T | T
FOCUS (MILLIMETERS) % DISTORTION
Pen mouse lens design_ 35mm POSITION 2 JST  29-Sep-11

B 4.11 = ¥ 35mm — ffhc - H- v 22 % & A2 ] (astigmatism field curve and distortion curve)

B
2
=
HORIZONTAL FOWV ———————— Farax BOV
Aotual POV
Pen mouse lens design 35mm Zoom Position 2 le-Jun-2012

B 4.12 # B 35mm — 3 5+ 22 ] (distortion grid)
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¢
Q

FIELD
POSITION

0.00, 1.00 L

0.000,2.000 MM

0.00, 0.70 L

0.000,1.400 MM

0.00, 0.50 L

0.000,1.000 MM

0.00, 0.35 L

0.000,0.700 MM

0.00, 0.00 L

0.000,0.000 MM

+ e

LS

RMS =
100% =

=
o
o
o
I

100%

100%

g

100% =

. 732E-01 MM

DEFOCUSING

a2

0.00000

Pen mouse lens design_35mm
POSITION 2 =

JST 29-Sep-2011

0.028832
0.082080

0.027186
0.075393

0.026196
0.074752

0.025613
0.074572

0.024556
0.079295

b

p

(=2l \

Pen mouse lens desig

n_35mm

DIFFRACTION MTF

POSITION 2

DIFFRACTION LIMIT
AXIS

T 0.3 FIELD ( -1.15°)
§ 0.5 FIELD ( -1.64°)
T 0.7 FIELD ( -2.29°)
= 1.0 FIELD ( -3.27°)

WAVELENGTH WEIGHT

656.3 NM 1
587.6 NM 2
486.1 NM 1

o

o

ZOHRPHQOUOX
°o e
-

o
w
T

DEFOCUSING 0.00000

15.0

SPATIAL FREQUENCY (CYCLES/MM)

20.0

25.0

Bl 4.14 4 }& 35mm—MTF ¥ 42 ]
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3. FE;

fie

TANGENTIAL 1.00 mmzATIVE SAGITTAL
FIRLD RRIGHT
0.043651 (=327 ) 0.043651
~0.043651 E f ~0.043651
0.70 mElATIVE
FIELD MEIGHT
0.043651 ( -2.29 )* 0.043651
F4
—~—
~0.043651 ~0. 043651
0.50 RELATIVE
FIELD MRIGHT
0.043651 | 1,66 ) 0.043681
/4
S
~0.043651 ~0.043651
0.35 RELATIVE
FIELD NEIGAT
0.04365) 1.8 / 0.043851
-0.043651 \/ -0.043651
0.00 EEIATIVE
FIELD mmIcHT
0.043651 ( 0,000 )* E 0.043451 f
~0.043¢51 ~0.043451
Pen mouse lens desig e
n-ssm 587.5618 W
RAY { MILLIMETERS ) 406.2327 W
JST POSITION 2 29-Sep-11

2

ASTIGMATIC
WIEED DR DISTORTION
OBJ HT OBJ HT
LY izi00 - 2.00
I 4150 T 1.50
| + 1.00 T 1-00
<+ 0.50 <4+ 0.50
I 1 1 I | I |
-0.50 -0.25 0.0 0.25 0.50 -2 -1 0 1
FOCUS (MILLIMETERS) % DISTORTION
Pen mouse lens design_38mm POSITION 3 JST 29-Sep-11

B 4.16 1~ §E 38mm — i acH-w 27 % 42 @) (astigmatism field curve and distortion curve)
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FOWV

i
by
b
E
'
-]
=
HORIZONTAL FOV ———————— Farax POV
Rotual POV
Pen mouse lens design 38mm Zoom Position 3 le-Jun-2012

BB 4.17 3= BE 38mm — 15 % 4% 3 ] (distortion grid)

FIELD T

POSITION JST 29-Sep-2011
0.00, 1.00 RMS =  0.046852
0.000,2.000 MM 1008 =  0.114731
6.00. 0.70 RMS =  0.044964
0.000,1.400 MM 1005 =  0.109094
B iR RMS =  0.043335
0.000,1.000 MM 1008 =  0.104704
0.00, 0.35 RMS =  0.042057
0.000,0.700 MM | | 1008 =  0.099938
0.00 0.00 RMS = 0.040612
0.000,0.000 MM 100% =  0.094593

DEFOCUSING 0.00000

Pen mouse lens design_ 38mm
POSITION 3 =

B 4.18 # & 38mm — -k za @] (spot diagram)
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Pen mouse lens desig

DIFFRACTION LIMIT
AXIS

% 0.3 FIELD ( -1.06°)

WAVELENGTH WEIGHT

n_38mm 656.3 NM 1
e 2 i :

DIFFRACTION MTF - § 005 FIBLD (-1.517) | gg9 6 nu 2

Dy T & 0.7 FIELD ( -2.11°) 486.1 NM 1

POSITION 3

29-Sep-11 T1.0 FIELD ( -3.01°)

DEFOCUSING 0.00000

o
~

o
a

ZOHHPHADOX
& o
- el

o
w

o
N

| | 1 1 J
10.0 15.0 25.0

SPATIAL FREQUENCY (CYCLES/MM)

TANGENTIAL
0.069954

1.00 RstaTIVE
PIRLO HRIGRT
(=301 )"

0.70 RELATIVE
FIELD HRIGHT

0.0699%4 =211

0.50  REATIVE

FIRLD mRIGHT
Ll i) € -1.8 )
/A
=
-0.0699%4
0,35 RRIATIVE
FIXLD MRIGNT
0.069994 =106 4 0.0699%%
~0.0699%4 ~0.0699%4
1
0,00 REIATIVE
FIELD MEIGHT
0.0699%4¢ ¢ 9.000 )* 0.069994
-0.0699%4 -0.0699%4
Pen mouse lens desig
o €56.2725 W
- 587.5618 W
RAY (  MILLIMETERS ) 486.1327 W
JsT POSITION 3 29-Sep-11

] 4.20 3 §= 38mm — Ray aberration 5]
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kT ~ Hd 22 B (Astigmatism field curve and distortion curve ) # 7+ 145 e
WAL B A o kR 0 Rt s B B Y AR & % ke (sagittal plane)
Wi g g ks F o m MR AT 27 g (tangential plane) % B E A F o F
MEmRGHRE PR SF AT PR o d B0 % e drpEen T~ S0 B (]
46,411,416) T RENEF GACED D KT o J GRBIN VAR B EE AL B8
g 0 R E-267% A REELNRFRT YIRS P A6 R

LT PR A P e

v % e 4L W) (Distortion grid) R4t 39 5 90 g 2 S bR s 8 & i and B
ZRLEERAGH > ERP LG E A o0 A XL BRTRBE S PN 5
2595 5 (Barrel distortion ) > 4 §EdRiTPF > A RA R R > AA A RSAT AR kA

FER (<5%)

* o2 [f] (Spotdiagram) ¥ g% &7 e FBheksait ) 0 524 (Coma) 7583
BE o

A MTFS SF > ¢ 32472 FRFESL ZFAS FH - e t? el (FIE5
35mm - 4efl4.14) £ 47 AR & SMTE B &z B4R 5 525 Ip/mm 5o MTRE 38+ 12 < 3%
45% > & R Fl A B Rensfi o PR ARG T A MTRES o 7 i £t % e g gk
fo2 {52 LAY G4 P o LIRS T OUBTR e B RE Br g e (F
F BE30MM AT B St AL A ) o MTRE + ¥ o e X 5% 4.20%2 p > + 7&%\»% f A e
fiw? ¢ 24 1 (tangential) = w22 % (sagittal) * = = ffForRk £ B~ o

Ray aberration Bl # 77 5 &XfrY > b o sk&if L 2~ XY BBl o d 3L

B 5H007 S LALN 0 ARE BRI -
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Ao L4
¥IE A4
51 244 %
KB LG A ARE TN R 2B Y RINEFAAFDIUG T~ F R AR

RS S T AT NE
CECNCHR RS 1 E N N

Hfcm i g o b » genie * F F A By

H
N
E*T:Ww
“‘3%

0N E ARSI L A o d BET AT
o R AT ERP R R Y 2 ek kRS e A A A R o LAY R
AR SE G - BHEARPEFIRISGET @S I S LG LA 2 g S A
EFTHNEE BRI ONLIFLA -

A 2 ZfHRR Y LS CODEV feafrcee » Hd @k ¢ w0 i

(centered tolerances ) {rifi< = % (decentered tolerances ) & #4[32] o

52 g2 4 47

+0.05mm; gr

LREHWCODEV & * 2L 45> wFLdEr & - F 2L NERLER (ok
5.1) » @ 3REr5 N MTF ch%% B (54395 » F]5 MTF 4 %03 (L ehip & 230 » 3t 2
d MTF 9% Mg R T off s TRt REZ LR -
WA AT B R A A7 0 2 A& 2% (cumulative probability ) 5 97.7%
(20 » @ BHEE L ) P2 piE 02 (20%) ™+ » MR § & Y BEpa iR RE i
S e Fthd M ARPEHRAH LT LA FFELAT LA 2 BELEANE W 2L (front
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zoom > 4~ §E 32mm Jie) ~ ¢ 2 fk (middle zoom > 4 B 35mm ) ™4 % & % j& (rear zoom >
FEE3BMM L) o R S AR E KA 0 LR A kg MTF &l 6 i
o e T R G LA T AR PR B 4 BT S
> SR E A AT -

% 5.1 2~ LAl A sy

2 4 (Tolerance) I P 1,
Test plate Fit 2.0 fringes (1)
Radius delta 0.02 mm
v Thickness delta 0.02 mm
Centered tolerance 0.002

Refractive index delta
Abbe's number: 0.8%

Irregularity 1.0 fringes (1)
Element tilt 1 arc min
l/ﬁl{, NN 2‘\ %:_
Element wedge 1 arc min
Decentered tolerance
Element decenter 0.01 mm

522 2 ks
" G B G4 G (compensator) o dhsk Sk Suener R s A T 0 &

B L2152 %4cB 5.1 B 53845251454

IR

BLER AR BB 5 32mm e a7 %

Pen mouse lens desig b he” . tar Pen mouse lens desig

Tolerance Analysis S S Tolerance Analysis

97.7% 97.7%

0.0983 Modulation Transfer Functior 0.0985
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B 5.1 &5 A ies 32mm o 7 A F B3 25lp/mm e £ 45 % o B 5 1T ¥

i

(tangential ) % #-84 # 535 5 + B 5+ (radial) & F 84 F 3,

# 5.2 45 adr FE S 32mm o 3 PR F B~ 3 25lp/mm pF -

. 97.7% (20 ) 22 > £~
5 5k 5

RELATIVE FREQ AZIM WEIGHT DESIGN DESIGN COMPENSATOR RANGE (+/-) *
FIELD L/MM DEG + TOL ~*

DLZ Sé

0.00, 0.00 25.00 TAN 1.00 0.2295 0.0983 0.144068
0.00, 0.35 25.00 TAN 1.00 0.2947 0.1605 0.144068
0.00, 0.50 25.00 TAN 1.00 0.3493 0.2754 0.144068
0.00, 0.70 25.00 TAN 1.00 0.3734 0.3017 0.144068
0.00, 1.00 25.00 TAN 1.00 0.5895 0.400S 0.144068
0.00, 0.00 25.00 RAD 1.00 0.2295 0.0985 0.142453
0.00, 0.35 25.00 RAD 1.00 0.2482 0.1247 0.142453
0.00, 0.50 25.00 RAD 1.00 0.2606 0.1517 0.142453
0.00, 0.70 25.00 RAD 1.00 0.2582 0.1687 0.142453
0.00, 1.00 25.00 RAD 1.00 0.2268 0.1663 0.142453

SHAY

. Fl: 25.00 v — 25.00
Pen mouse lens desig 22 25 0ol it Pen mouse lens desig * 25 do zm ad

. F3; 25,00 ¢/nm, tan =~ ———— ?3; 25,00 ¢/mm, rad = ————
Tolerance Analysis Fd: 25.00 /mm, tan @ —— Tolerance Analysis F4: 25.00 c/mm, rad

F5: 25.00 t FS5: 25.00 d
J5T Position 2 29-Sep-11 cfom, tan J J51 Position 2 28-Sep-11 o/mm, rac

SLER A EE S

o

3 7% - 97.7%

Cumulative Probability (%)
g

Cumulative Probability (%)
g
I~

e o.ee 0.565 0,463 0365 (), 338@-2¢¢

Modulation Transfer Function

bt e 43 0.331() 312 0-218

Modulat;on T:ansfer Funcuon

B 5.2 408 f e 5B 5 35mm o 7 B 4 2 b E A o L F LD

(tangential ) % #gLA # 3, ; -~ B 5+ (radial) & 3gLs # 35

45



7 .3 HLEE b EE S

35mm > F BFHE F B3 25lp/mm pF > 2 F A 97.7% (20 ) 22 2 A A

N
i
RELATIVE FREQ AZIM WEIGHT DESIGN DESIGN COMPENSATOR RANGE (+/-) *
FIELD L/MM DEG + TOL *
DLZ Sé6
0.00, 0.00 25.00 TAN 1.00 0.5815 0.4430 0.144068
0.00, 0.35 25.00 TAN 1.00 0.5906 0.4429 0.144068
0.00, 0.50 25.00 TAN 1.00 0.5771 0.3507 0.144068
0.00, 0.70 25.00 TAN 1.00 0.5470 0.3828 0.144068
0.00, 1.00 25.00 TAN 1.00 0.4914 0.3386 0.144068
0.00, 0.00 25.00 RAD 1.00 0.5815 0.4427 0.142453
0.00, 0.35 25.00 RAD 1.00 0.5843 0.4369 0.142453
0.00, 0.50 25.00 RAD 1.00 0.5775 0.4164 0.142453
0.00, 0.70 25.00 R&D 1.00 0.5773 0.3741 0.142453
0.00, 1.00 25.00 RAD 1.00 0.5707 0.3120 0.142453
e Y ¥
HLER 4 BE G
N -
Pen mouse lens desig e Pen mouse lens desig P e i
Tolerance Analysis e Tolerance Analysis e S
35T Fosition 3 29-Sep-1l T 38,00 o/, tan st Position 3 29-Sep-1l a0 cimm, ad
- 7 97.7% 97.7%
s0. | 50, /’ —
s 0. s 0. 1] - -
z 2 /
- 0. - 0. —
::; o ::; 0. i
i - )
& &
g w0 H . L
i I i |
3 0. k s0. !
0. | 0. i II
e o Nod\l’.ﬂ:;}:l: Trdl‘sf@:.?\:llctioﬂ °':’h.115é°‘° o o mdlllﬂ;i;;: TIOI\S{Q:.?;\:P\CKJOH o o-om
’ v
F53 457 SWE D

# 54 BLER A EE S

7 55 5

RELATIVE FREQ AZIM WEIGHT
FIELD L/MM DEG

0.00,
0.00,
0.00,
0.00,

0.00,
0.00,

0.00,
0.00,
0.00,
0.00,

0.00 25.00 TAN 1.00
0.35 25.00 TAN 1.00
0.50 25.00 TAN 1.00
0.70 25.00 TAN 1.00
1.00 25.00 TAN 1.00
0.00 25.00 RAD 1.00
0.35 25.00 RAD 1.00
0.50 25.00 RAD 1.00
0.70 25.00 RAD 1.00
1.00 25.00 RAD 1.00

DESIGN

0.2488
0.2308
0.2291
0.2407
0.2095
0.2488
0.2520
0.2562
0.2605
0.2879

46

DESIGN
+ TOL

0.1898
0.1158
0.2000
0.1993

0.1247
0.1912

0.1145
0.0389
0.0000
0.0000

*

DA B OTT% (20) 2 2 EA

COMPENSATOR RANGE (+/-) *
DLZ S6

0.144068
0.144068
0.144068
0.144068

0.144068
0.142453

0.142453
0.142453
0.1424s3
0.142453



523 2 A4 B % AT Emp
DAL RGEGHE 2 A LT o s MTF &

Z 2% > »~ 2w (radial) 2 %% (tangential)

*

>

FEE AN AR RS A D

dg %k T g aw e gy (frontzoom » 4 5B % 32mm fe) £ 18 2 i (rear zoom » 4+
BE L 38mm AL BF 0BG ¢ BBE TR 0 A MTF EREDL BT EF 0 AV He

2 LR R - o B B

© & 25lp/mm pEE 4 20% 7 b oo 4

B MIFEdHE ST 2 F o 86 FEAYRE

¥ 1]:E 20% » 4c@) 5.4~ 5.6 &2 £ 55~ £ 5.7 #1571

R B

3 rj-&{%&&&%mm Fel® 0 MTF

=z
ELEN

BF R AR ¥ ¢
& et b 4F & 16.67Ip/mm 5 B

» W AR R L 38mm Aoz dhe

SEFLRAE20% Hépy g AR AR SFE it B R 2 R
A LR
Pen mouse len= desig :: :: Pen mouse lens desig I
Tolerance Analysis i: :'.- Tolerance Rnalysis I
=T 97.7%" . — 97.7%
s, ] 4 S/
: ", ;j__f' z " / S
z z 14
E . 3 “ 1/
' 0/
E 5. ; £ 5 //
5 ” ,-/: H “ /rr/
e 7 0.3199 O mtation Tanater Bneete 03256
B 5.4 &GLEp A EE 5 32mm F AR F B 16.67Ip/mm e X 4458 % o B I

(tangential ) % 3-gLA # 235 5 LB % # + (radial)

47
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+ = P Y * T 3 . s,
# 55 HLFF A EES 32mm o 3 FHAE B3 16.67Ip/mm pF > 25 4 97.7% (20 ) 2 =
Pt
RELATIVE FREQ AZIM WEIGHT DESIGN DESIGN COMPENSATOR RANGE (+/-) *
FIELD L/MM DEG + TOL ~*
DLZ Sé
0.00, 0.00 16.67 TAN 1.00 0.4760 0.3192 0.124229
0.00, 0.35 16.67 TAN 1.00 0.5633 0.4570 0.124229
0.00, 0.50 16.67 TAN 1.00 0.6051 0.5217 0.124229
0.00, 0.70 16.67 TAN 1.00 0.6283 0.5278 0.124229
0.00, 1.00 16.67 TAN 1.00 0.7509 0.5656 0.124229
0.00, 0.00 16.67 RAD 1.00 0.4760 0.3256 0.126660
0.00, 0.35 16.67 RAD 1.00 0.4904 0.3632 0.126660
0.00, 0.50 16.67 RAD 1.00 0.5038 0.3870 0.126660
0.00, 0.70 16.67 RAD 1.00 0.5010 0.4064 0.126660
0.00, 1.00 16.67 RAD 1.00 0.4709 0.3988 0.126660
Pen mouse lens desig : :::: ::: bt Pen mouse lens desig : :::: ::: ::: I
Tolerance Analysis : :::: :;: :: Tolerance Analysis : :::: :;: :::
T e FS: 16,67 clem, tan T e P5: 16.67 cfem, zad
100 - 7.7% 100
. .
" "
£ £
= R » .
3 . 3 .
2 2
‘E . ‘E .
E 48 E an.
z . z .
E E
S 0. S 0.
1. 1.
Vi R R win = e B = =T aio - )
) ) Modulation Transfer Function I’0,-5007 i ) ) Modulation Transfer Function 0.50'23
Bl 5.5 4LEf dr§E G O =N
1 N\
(tangential ) LA A
3 2 g v .,
# 5.6 4LEf i EE A L X4 97.7% (20 ) 2 =

45

+
5

5

RELATIVE
FIELD

0.00, 0.00
0.00, 0.35
0.00, 0.50
0.00, 0.70
0.00, 1.00
0.00, 0.00
0.00, 0.35
0.00, 0.50
0.00, 0.70
0.00, 1.00

FREQ
L/MM

16.67
16.67
16.67
16.67
16.67
16.67
16.67
16.67
16.67
16.67

WEIGHT

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

DESIGN

0.7100
0.7101
0.6970
0.6719
0.6333
0.7100
0.7130
0.7121
0.7125
0.7161

48

DESIGN
+ TOL

0.5923
0.5624
0.5449
0.5750
0.5007
0.5892
0.5785
0.5629
0.5288
0.5023

-

COMPENSATOR RANGE (+/-) *

DLZ Sé

0.124229
0.124229
0.124229
0.124229
0.124229
0.126660
0.126660
0.126660
0.126660
0.126660

I3

%

97.7%

i3

Z



Pen mouse lens desig

Tolerance Analysis

azgan

Fosition 3 1€-Jum-12

i 16,67 ofmm, tan
16,67 ofmm, tan
: 1€.€7 cfem, tan
1€.67 cfmm, tan
1€.67 cfmm, tan

Pen mouse lens desig

Tolerance Analysis

Fosition 3 1€-Jum-1l

preag

16.€7 ofmms
1€.67 cfmm,

: 16.67 efmm,

1€.€7 cfmm,

: 1€.€7 efmmy

BEEEE

Cumulative Probability (%)

/.

%’

8.1 8338
Modulation Iransfer Function

% 5.7 &5

PR

| RELATIVE
FIELD

0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,
0.00,

0.00
0.35
0.50
0.70
1.00
0.00
0.35
0.50
0.70
1.00

L/

16.67
16.67
16.67
16.67
16.67
16.67
16.67
16.67
16.67
16.67

273

WEIGHT

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

Cumulative Probability (%)

DESIGN

0.4270
0.4044
0.3872
0.3717
0.3300
0.4270
0.4296
0.4239
0.4251
0.4481

49

37-7% 00,4

97.7%

DESIGN
+ TOL

0.3418
0.2701
0.2633
0.2834
0.2659
0.3389
0.2859
0.2439
0.1987
0.1425

e yl’l& 2 y?’“
Modulation Transfer Function

0.1425

COMPENSATOR RANGE (+/-) *

*
DLZ Sé

0.124229
0.124229
0.124229
0.124229
0.124229
0.126660
0.126660
0.126660
0.126660
0.126660

~triE ke Bl AL

N

20 ) 2= &



53 LA
531 MAl s D LIFHP RS

b Lot RE WG S EEL SL LY Ra AL F Ry o L R
HERZL{IEL2Z 0L« FIZ LA ¢ #F %A (SMDLED) ##2 sagkir

Lo A PTG 2 L SE (Bl 54) > 20 HibHmer oL AEnk

4
e
Iz
N
r
=
oo
ﬂi»

w2 MTF B2 B E25 chfl & kA 4524% o % % 4cB 55 2 5.7

Tilts of angle

5.43 ol
. Position: 3
Pen mouse lens design_40mm Scale: 4.60 25-Jul-11

B 57 & & K & CODEV } 72D s B

Tolerancing analysis on Obj. dis @32mm MTF vs. system angle
1.2

—+—Obj. tilt 0 deg

—=— Obj. tilt +5 degrees

0.8 —=— Obj. tilt +10 degrees

5 Obj. tilt +15 degrees

% 0.6 —— Obj. tilt +20 degrees

g Obj. tilt +25 degrees
0.4 —=— Obj. tilt -5 degrees

02 —=— (Obj. tilt -10 degrees

—s— Obj. tilt -15 degrees

0 —-—Obj. tilt -20 degrees

0 5 10 15 20 25 30 Obj. tilt -25 degrees

Spatial frequency (Ip/mm)

T

Bl 5.8 IEL 32mm fez & AL & R & MTF & 0% 4 §)

50



Tolerancing analysis on Obj. dis @35mm MTF vs. system angle

=
[N

—— Obj. tilt 0 deg

=

—s=— Obj. tilt +5 degrees

—s— Obj. tilt +10 degrees

e
o0

—— Obj. tilt +15 degrees
Obj

.tilt +20 degrees

Obj. tilt +25 degrees

<
»

—— Obj. tilt -5 degrees
—=— Obj. tilt -10 degrees

Modulation transfer function
o
[=)]

o
]

—s— Obj. tilt -15 degrees

0 Obj. tilt -20 degrees

0 5 10 15 20 25 30 —=— Obj. tilt -25 degrees
Spatial frequency (Ip/mm)

B 59 FEE5 35mMm a2 & A & B & MTE & 5% i+ §

Tolerancing analysis on Obj. dis @38mm MTF vs. system angle
1.2

—+—Obj. tilt 0 deg

—=— Obj. tilt +5 degrees

—=— Obj. tilt +10 degrees

~— Obj. tilt +15 degrees
—— Obj. tilt +20 degrees

Obj. tilt +25 degrees

Modulation
(=]
[=2]

—— Obj. tilt -5 degrees

—a— Obj. tilt -10 degrees
0.2

—=a— Obj. tilt -15 degrees

0 —— Obj. tilt -20 degrees
0 E 10 15 20 25 30 —«—Obj. tilt -25 degrees

Spatial frequency (Ip/mm)

B 5.10 4~ FE 5 38mm g2 & MAL & R &7 MTF #0508 08 )
532 M d L 5%k Ad

d B 55 7 EEN > B EES 32mm et BB 0 A MTF R M B Az B
5 5 18Ip/mm A S 3 0217 5 B e S 38mm Ak (F157) -

2% d B VERAY i o o rj&:{#ﬁﬁﬁﬁ\ 35mm ¥ 0 MTF 20 = i & 7 % &
40%11 > B9 E § A &g 25 B R AR £ B2
PSRNty R

B (SRR B A & R OEERT > @ AR ERI LhR 2LE > dod 550 B3

PB4l & B > B XL g 3L S L E L 2.7306mm-2.6158mm=0.1148mm - ¥ ¥ & Bt
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PE- o AR RT2 EE f R IO A% e F 3T AR F A 3mm

o3 A BE A EALRZT TFZIVEE R T K 0115mm gE L

258 7 [ M4l & B pFhB A FLS A

Angle tolerancing max. lens aperture size
Obj. tilt 0 deg 2.6652mm

Obj. tilt +5 degrees 2.6776mm

Obj. tilt -5 degrees 2.653mm

Obj. tilt +10 degrees 2.69mm

Obj. tilt -10 degrees 2.6404mm

Obj. tilt +15 degrees 2.7028mm

Obj. tilt -15 degrees 2.6276mm

Obj. tilt +20 degrees 2.7164mm

Obj. tilt -20 degrees 2.6158mm

Obj. tilt +25 degrees 2.7306mm (maximum)
Obj. tilt -25 degrees 2.6158mm (minimum)

52
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¥rd Bz
6.1 #Hf 1M & AT
EFHEFFERFPEE LA R AL BFRY RE BB G o PFhod
31 & —CkF R EE TR A > R FRHAFEITRIZEERE 7 fuk o =2 B
0 4@ 6.1
1. &k (SMDLED) % % » -3 (Lightguide) & ¢ & idfg-ksm » & k53

I FRlG -

i

2. Fple (rkad )23 Hice - @Rk HELEHEGLEIR X~
+ (sensor)
3. ﬁijé%ifii‘,g;fw H*E—I‘S' '47\’}5' ﬁ%]n—lpm%';u_l. ﬂ_. ‘ 2

a. Source

d. Taking lens

b. Light guide

________ .&95:9% e — -

GEY Janiada c. Ground surface

f. Cover glass

Bl 6.1 & F &t LR - &fﬁv‘b%fﬁ}%&rjﬁld%%ﬁ ca s kB b ik
Foei@FRG (Fo) ~HdEFHRFI e 3 rpTERY - LEEAFAH T

FfLREAB FORTEIXNPIEL > AEF TR 3 ce (receiver 1~3)

VAR LR i —‘F'Tfﬁ?]‘\ WA AG Y WP ARE 0 doBl 6.2 47

Ao AT A IS LB TR o
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¢. Black cone reflector

b. Light guide &

cone reflector

a. Taking lens

Obj. height: 2mm
—>Receiver size: 4 x4

——

3mm

_—

(Lens aperture size)

- = ]
2 el ! ~5mm
mm P ! -7 i
| ! ! nghtgulde , (System cross
i ! ! ! H section radius)
1 1 | 1
! 1 1
i : : -| 6mm |-| 6mm |
i ! ! 32mm \ H
: 1 | 7;
! L 35mm |
1 7:
! 38mm !
— - 5.32 MM
. Position: 4
Pen mouse lens design_ 35mm Scale: 4.70 27-Jul-11

@62 =) ﬁ'?’%ﬁf & 5 ,&E‘] (a) ,—,\Jogﬂa\'l‘g\ﬁyx(b) ¥ ,E%p%;ﬁ;}&}; E"]’%T#'—‘(C)
@ (g R R )

611 A WAt * X7 AR
¥ @ET:,\. 'gﬁ’f’,é S § /;‘< TR ;,L

YT o @ S M~ R gkt

FET ST A

CEN L AT

. FEE2/E 3 32mm~38mm 2 7 & & 0~ fru‘ﬂ‘a‘v nHET P wm S E 32mm o
_': o
I L 8 s s o 2 S8 5 & 10mm -

6.1.2 % 3 (Light guide) £ 7% & #+48 (Cone reflector) 3 3+3:mp
k3 (lightguide) L & p ehast#-%ih (SMDLED) #i3 bf2 X Ri03 $7 3 & &

FEZ2 4 5 @ Bk F 5448 (Cone reflector) ﬂ?ﬁ{@é*%ﬁ;\ A 2 W

o

R AR A e L IR ke o G R R R RS i‘iﬂa Bood 3%

WAt U] R E R RGRF S B R R KBS 12mm e
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6.1.3 2 i (Black cone reflector) #.p?
2EIREDHREA) RECEL R P R RZIEY AR BH R 2

B RS A AT A Y B DR R L R G R e S

6.0.4 3 4 2 H
§EE A RR PSR s B R R S ORI S -k R
#4c4 6.1

%615 K R RN

Elel i 7 P A %
-1 F #e(object distance) | 32-35-38mm ®iFiE 6mm
Lk -1 f-number 4.14-3.34-2.80
-2 v % (distortion) < 5% (<3%)
11-3 smaE (TTL) <50mm BT S s
11-4 RIS 2~3mm
H#F : PMMA &
11-5 2= 2P
4 PC
Gz B (R E
S
MTF # i 47 &
(cut-off frequency)
-1 — 30 B/W
N = 16.67 lp/mm —
>0.2 @25lp/mm
111-2 &t 0.68mm - % —0.44~0.5mm
bt 0.88mm~L.omm | =
B e ~ \
;f LS BRI kAR < 3-6mm % # 4555 TTL~6mm
1=
£ % (light guide ) /7 &
V-2 % (light g ) I =12mm
& &+48 (cone reflector)
V-3 |2 # =26mm
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FE o vk FF RE WA T O AP G TR PR

L FEERE > R ERAUR] > S pfpRer 75 e J T 2T ELEF i
Bk 2 ki o

2. FHA e FR(C1I0mm) > XFENXERLL TORLTLATET FRle 2

WREIEIR -

6.2 PR B I X XL R

6.2.1 it B RILE 353 B3 B

AT R RSTI BALGE E  T FRI G L RARM B - ka5 0 B U
SRR K938 R R 0 o AR R TR o B Rgn ¥ kiR aiE TR G A

3 ;% ey ok - 48 (SMD LED, Surface Mounted Device Light-Emitting Diode ) - 4] 5L 4&_
BETF T ELRGFF LS 2 (EVERLIGHT ELECTORNICS CO,, LTD) £319-217/R6C
kg k- AR o h R Ark 6.2 TG HAAT KM SRE 4B 6.3 -

# 6.2 A= & * 41505 19-215UBC 2. SMD LED %

Device Selection Guide

Chip
Part No. - : Lens Color
Material | Emitted Color

19-217/R6C | AlGalnP | Brilliant Red | Water Clear

Electro-Optical Characteristics (Ta=25C)

Parameter Min. Typ. Max. Unit Condition
Peak Wavelength 632 nm IF=20mA
Dominant Wavelength 624 nm IF=5mA
Spectrum Radiation
) 20 nm IF=20mA
Bandwidth

Forward Voltage 2.0 2.4 \Y/ IF=5mA
Reverse Current 10 LA VR=5V

Fft kR : EVERLIGHT ELECTRONICS’s Technical Data Sheet —0.4mm Height Flat Top

LED 19-217R6C page3
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# 6.319-217R6C ,% 5| SMD LED z_ % k353 & %

IF=20mA
Part No. Parameter Symbol | Typ. Bin Min. Max. | Unit
P1 45 S7
P2 S7 72
19-217/R6C-P1Q2 | Luminous Intensity| 1V 75 mcd
Q1 72 90
Q2 90 112
Q1 72 90
19-217/R6C-Q1R1 [ Luminous Intensity | 1V 100 Q2 90 112 mcd
R1 112 140
Q2 90 112
19-217/R6C-Q2R2 | Luminous Intensity| IV 135 R1 112 140 mcd
R2 140 180

7 kR - EVERLIGHT ELECTRONICS’s Technical Data Sheet—0.4mm Height Flat Top

LED_19-217R6C page4
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I Forward Current vs.
Spectrum Distrioution Forward Voltage

8 100 Ta=25* — Ta=25°
> £
‘-‘ ~
]
S 75 o 40 7
- - /
& § 30
§ S0 § 25
< o 20
£ -
2 s J s 10 4
[ I
2 5
e w q
* 550 600 650 700 750 2 16 20 24 28 32
« Wavelength Apinm Forward Voltage(Vp-volts
N Luminous Intensity vs. . Luninous Intensity vs
s finbient Temperature §  Forword Current 1o-2se
3 2
g K
] | T I R O [ | 3
£ e £
w w
£ :
3 s
H 3
¥ »
‘o ! s
7 €0 40 20 0 20 40 60 €0 100 E ’
o
Ambient Temperature Ta(*C) Forsord O U 1A
Forward Current Derating Curve Radiation Diogrom

r 1o Tom2S
3% e
&
= 40
£ @
§ 30
5§ 25 W
© 20 B = @
- N -
s 10 N
< ar
5 6 a
“ %z 40 60 85 100 05 03 Q1 02 0.4 06

FAL kR T EV n H eight Flat Top

LED_19-217R6

d AR LT ES 5 1 9 80 1 R m B LTS N e A
AR REPIG RBEAITZ AW IRt kA2 fekd ML
#p R EH - (cd, k) @B iERReRAELEE = (lumen, Jiip ) o 1A AL G
B oo wkp REERE M R des 6-1 977 [33] ¢

F = 680 [ V(A)P(A)dA lumens Eq.6-1

FRAFwLE LR (e candela k) V(M5 A maun £ a0 P(A)R)

REEERZ RS S R W A R DR o B A PR R R
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(0.555HM ) £/ — 3 (watt) #g5tac £ 2 AR 5 680 /np - F Ao m 3k 680 ié.iﬁp’?
— L .

Wype @avfeskd REF LR R AR IF LY AR ORI
Lighttools[34]p §1* H % * 1 & (utilitytool) & ¥ iFif#e » Adikz & » 2 f L
b S~ R AoB] 6.4 ot - R A A RHCEHLOT R

20110729 T2v1_3_a_enfarFieldReceiver_b21.Intensity Slices
Intensity (cd)

Total Collected Power =83.637 Im
Efficiency = 0.83637 s k = 8.00000

Maximum Intensity = 27.830 cd 0.000

@&4gL@mmbﬁ»ﬁ%ﬁﬁﬁ@%ﬁ&ﬁﬁuﬁm%%?iﬁ

AR BAEMG UL T ARP AR R O OIRFE-HEL N E 0]
B % 27 BHAHRS Ko RELE TR o hheoh 24538 K R B R

Bt TEaRR R Ol 30 R EETE R 2 R B2 2R
6.2.2 K&k FHIRE %

dr Bl E B F R R A AT e K B R rF (S WL Bk Ao

6.5~ 6.6 ; imiaa B 2 HycH S 4ok 6.3 -
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Black cone reflector
(material: PMMA)

Outer radius: 4.8mm
Inner radius: 4.6mm

Light guide length: 12mm

Light guide/ circular cone reflector
(material: PC)

Circular cone outer radius: 3.8mm
Circular cone inner radius: 3.6mm

w

Bl 6.6 % i

\-.uun
Forward,
Receiver s

¥, gm

Forvard .

1luminance Me:
Forvard Sisatecion
Receiver 554

Receiver_43:

Depth of field: 6mm

Object distance with
zooml:32mm

Taking lens
Lens half aperture size: 3mm
in e light guide/circular cone reflector)

v

s R R
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Weceiver_435
Receiver_554
Receiver_555

There is an air gap of 0.1 mm
(both the PCB and the cover
glass are hidden ) y_,..c

-2

B.x & SMD LED "% # =% 7 53

R LR B 2

Obj. distance= 32mm

Efficiency=0.499%
Uniformity=80.21%

Y, mm

[+

Obj. distance= 35mm

Efficiency=0.411%
Uniformity=46.42%

Y, mm
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Obj. distance= 38mm

¥, mm

Efficiency=0.335%
Uniformity=27.51%

Y, mm
2

Z-axis bl T T T T
X-axi 10 v - -2 -1 o0 lx. mz“
Bl 6.8 mipk *HsB (FEAEELELFER: 0.1mm) o B2 24845 4 47 &
BB+ L A PiEe G RABIRR B+ 7 2 227 ¢ Uk ENERRBIME 2 HR2
EES
—Recoiver 435 Obj. distance= 32mm Obj. distance= 35mm Obj. distance= 38mm
__WReceiver 554 - - -
__Receiver 555 E 24 3
s iR .
2 ] \____I 3 3
-‘2 I) ‘ 1 x,xz.i: : I ; : X, Bz:n _|2 J‘" ; 1 X‘nzlr
Efficiency=0.501% Efficiency=0.411% Efficiency=0.330%
Uniformity=78.66% Uniformity=43.68% Uniformity=17.82%
Y, mm Y, mm Y, mm

[ z
There is no air gap between
light guide and SMD
(both the PCB and the cover
glass are hidden ) Y-axis
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X-axi
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7
The SMD moves
+0.1 mm along

x-axis Y-axis

X-axis .
Z-axis

B 6.10 &

WReceiver_435
MReceiver_554
JReceiver_555

A,
The SMD moves
+0.2 mm along

X-axis Y-axis

X-axis .
Z-axis
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Obj. distance= 32mm Obj. distance= 35mm

Obj. distance= 38mm

Y, mm Y, mm Y, mm
3 -~y ; 3]
043 0 -~ » .‘ [+] ‘. -
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L \__J 2 3 | T |
| RAALALL RAALALLL LALALL AL T T T T T T { pohduii ey
-2 -1 o 1 2 -2 -1 4] 2 -2 -1 ] 1 2
X, mm X, mm X, mm
Efficiency=0.500% Efficiency=0.410% Efficiency=0.328%
Uniformity=73.62% Uniformity=41.16% Uniformity=19.23%
; 4 Y, mm Y, mm
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o g o 3
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T T T T T

-2 -1 0 1 2

1 2 -1 1
X, mm X, m

Obj. distance= 32mm Obj. distance= 35mm

Y, mm ¥, pm
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e,

Obj. distance= 38mm

Efficiency=0.500% Efficiency=0.409%
Uniformity=75.71% Uniformity=43.09%
Y, mm Y, mm
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Efficiency=0.328%
Uniformity=13.05%

Y, mm
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The SMD
moves -0.1 mm

along x-axisy.ayis

X-axis )
Z-axis

B 6.12 & 7
B
WReceiver_435
sReceiver_554
WReceiver_555
7
The SMD
moves -0.2 mm
along x-axig_is
X-axis .
Z-axis
B 6.13 & 7
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Obj. distance= 32mm

Y, mm

Obj. distance= 35mm

Y, mm

Obj. distance= 38mm

Y, mm

Efficiency=0.500%
Uniformity=76.66%

Y, mm

~

o

Efficiency=0.411%
Uniformity=43.63%

Y, mm

2 3

Efficiency=0.332%
Uniformity=25.05%

Y, mm

Obj. distance= 32mm

Y, mm

4
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Obj. distance= 35mm

Y, mm
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Obj. distance= 38mm

Y, mm

Efficiency=0.500%
Uniformity=78.51%

Y, mm

()

Efficiency=0.408%
Uniformity=45.66%

Y, mm
P
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FREMBE LX > w =24-0.2mm #3557 &

Efficiency=0.331%
Uniformity=28.31%

Y, mm
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The SMD moves +0.1 mm

along z-axis )
Y-axis

Z-axis
X-axi

Obj. distance= 32mm

Obj. distance= 35mm

Y, mm ¥,

Obj. distance= 38mm

mm

Efficiency=0.559%
Uniformity=21.27%

Efficiency=0.439% Efficiency=0.318%
Uniformity~0.006% Uniformity~0.05%
Y, mm Y, mm

2 3

g

0 3

-1 3

-2 4
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PR PEELRANER R T s LR URA ERF
—fteceiver 435 Obj. distance= 32mm Obj. distance= 35mm
__Receiver_554 ¥, e ¥, na v
_Receiver 555 2 2 2
1 1 1
0 0 ]
-1 -1 -1
-2 L — -2 — o -2
T T T T T T T T T T
-2 -1 [+] 1 2 -2 -1 ] 1 2
X, mm X, mm
Efficiency=0.597% Efficiency=0.446%
Uniformity=1.7% Uniformity=0.007%
2X,_rr:r. :, ™m b 4
z L X .
The SMD moves +0.2 mm 0 4 o o
along z-axis
Y-axis -1 -1 -1
Z-axis 3 N B
X-axi -2 -1 o0 1 2
X, mm
B 615 24 MY Lz e =H+02mm iET LR - Bl= 5 BH T LR
P2 R AR RABIRR Bl T2 2 R T VR R NHER

ME HE R 2 >
Obj. distance= 38mm

, mm

Efficiency=0.312%
Uniformity=0.0067%
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The SMD moves -0.1 mm

along z-axis
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Y-axis
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Receiver_435
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Z-axis

z

The SMD moves -0.2 mm

along z-axis

Y-axis

X-axi

Z-axis

Obj. distance= 32mm

Obj. distance= 35mm

Obj. distance= 38mm

mm Y, mm Y, mm
3 e
E 5

b it T T T

-2 -1 0 1 2

X, mm

Efficiency=0.429% Efficiency=0.368% Efficiency=0.340%
Uniformity=55.59% Uniformity=34.25% Uniformity=31.07%
e Y, mm Y, mm

2 3

Bl ok
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Obj. distance= 32mm

¥, mm
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Obj. distance= 35mm

144 2 e

Obj. distance= 38mm

Y, mm ¥, mm
24 2
14 1 4
o o4
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-2 4 -2 3
T T T T I T T T T T T T T T T
-2 -1 o 1 2 -2 -1 o 1 2 -2 -1 0 1 2
X, mm X, mm X, mm
Efficiency=0.356% Efficiency=0.329% Efficiency=0.328%
Uniformity=11.74% Uniformity=15.32% Uniformity=0.8%
mm Y, mm Y, mm
: : .
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Pz o 24-0.2mm §
}iﬁ-‘ﬁﬁ@ Bl+7 > 5
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%065 & oLk BhATE 4

. Front zoom Middle zoom Rear zoom
fficiency . . .
Case (Obj. (Obj. (Obj.
distance=32mm)| distance=35mm) | distance=38mm)
Original case
: 0.499% 0.411% 0.335%

(air gap=0.2mm)
No air gap 0.501% 0.411% 0.330%
No air gap &

. 0.500% 0.410% 0.328%
X shift +0.1mm
No air gap &

. 0.500% 0.411% 0.332%
X shift -0.1mm
No air gap &

. 0.500% 0.409% 0.328%
X shift +0.2mm
No air gap &

: 0.500% 0.408% 0.331%
X shift -0.2mm
No air gap &

s 0.559% 0.439% 0.318%
Z shift +0.1mm
No air gap &

. 0.597% 0.446% 0.312%
Z shift -0.1mm
No air gap &

: 0.429% 0.368% 0.340%
Z shift +0.2mm
No air gap &

- 0.356% 0.329% 0.328%
Z shift -0.2mm
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166 &2 £195 BB A

) ) Front zoom Middle zoom Rear zoom
niformity ) . .
Case (Obyj. (Obj. (Obj.
distance=32mm) | distance=35mm) | distance=38mm)
Original case
. 80.21% 46.42% 27.51%

(air gap=0.2mm)
No air gap 78.66% 43.68% 17.82%
No air gap &

: 73.62% 41.16% 19.23%
X shift +0.1mm
No air gap &

_ 76.66% 43.63% 25.05%
X shift -0.1mm
No air gap &

_ 75.71% 43.09% 13.05%
X shift +0.2mm
No air gap &

: 78.51% 45.66% 28.31%
X shift-0.2mm
No air gap &

R 21.27% 0.006% 0.05%
Z shift +0.1mm
No air gap &

= 55.59% 34.25% 31.07%
Z shift -0.1mm
No air gap &

2 1.70% 0.007% 0.0067%
Z shift +0.2mm
No air gap &

: 11.74% 15.32% 0.80%
Z shift -0.2mm
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Jod o~k 2104 RS R AR B R E S k- BTG LR BES
SRR A A N ket kB0 B AR 4 o

D RRATREN  EELF RHAE Y 0 r kol % ST G F 2409 REF

- 5,

Fo iSRS THEITI0% e A B RRAs kot Fa T o kA ah A X

G (RS L EBR) AL Z e (PHNRELREAR) TR LR
PO A Z i BB T AR ISR R TR R Rl 355 R 4T

WF AR ) R BB R AF RS B X e 2L BB LE AR
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N Add the micro skin trying to
cover the more light rays
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WReceiver_435
Receiver_554
Receiver_555

Entrance plane Obj. distance Obj. distance Obj. distance
& =32mm =35mm = 38mm

Eff.=80.770% Eff.=0.49548% Eff.=0.40882%  Eff.=0.3336%
Uni.=79.23% Uni.=46.75% Uni.=27.63%

h d B ¥, _mm ¥, ¥, = Y, mm
o g : : ’
There is an air gap of 0.1 mm- _; - - A .
(both the PCB and the cover . N , s
glassare hidden ) v _,..c *

. Z-axis -2 -1 0 1
X-axi X, mm

i
I
Ho 2
=
i

B 6.19 EAF P, » ke X3 Bz 2 KB BI+d =2 %Az 2 »ET v 70 8 fi

PERBSER RENERBE LN URE R

d TR A AL N AR {5 F RN koA =B PR
Al It dfed dhr Laag = 5 ¥ ob > ARAR L R Tl b B8 Bk g

5 ARIN A “‘f TE oK & BlAwR 6.19 0 K E % e R 6.20 -

MReceiver_435
Weceiver 554
‘Receiver_555

Adding a convex lens at the
entrance plane
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B 6.20 »t » kv 4r— 54 BlL LT



Receiver 435

Receiver_554
Receiver 555
Entancelana Obj. distance Obj. distance Obj. distance
P =32mm = 35mm =38mm

— :

airgap is 0.05 mm

Y-axis

Z-axis -2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2
X-axi X, = L hm %, =

F6.21 0 » k0o EHR > 2 5 BH - 005mme W+ d 225555 » %0 -

-

>

=

J

Ay~ P

Bt e L2 R TR Bl 2§ 4 AR R AR

Gad

|

I '

2067 AEERPONE R B RPEL AR EF S0 R (4 FRT A

File name Efficiency Uniformity Remarks
0.499% 80.21%
Original 0.411% 46.42%
0.335% 27.51%

0.4955% 79.23%
Rectangular
Skin | 0.4088% 46.75% Rectangular taper
- 0.3336% 27.63%
0.5718% 77.79% . )
Adding a convex lens ;The air
Lens_iii 0.4764% 49.76% .
gap is 0.05 mm
0.3915% 21.64%

NP RAT @A JEA Ko ®a T TR R E O kv jok g fl i 2 o
Ra 3 Fplm 2 » k2 F Pt RdpR P L B3 ROA RPN ERFLE L2 0 F R
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PP E - AR B ERFRTIL R Flo pw Tt Bk

W - Aok - R Bk R A G AEES

5k - imEEe P F S 0 2R

R i

KD B Rkl B o

768 A~ K EE - B LR FF Rk B RA
Type B sk Hg
P Bk kit B A RS e s L wua g
(Red light) a2
ESliA 2.382x10° ~3.48x10°°
180 mcd 0.61065 lumen |0.39%~0.57%

(i¢ * SMD LED) lumen
R

) 3200 mcd 1.6242 lumen 2.90% 0.0471 lumen
(g * -4 LED)

d P &w

peg ot G HORA e T ey RAss [ enZ R £ S
FIRRGE 3

AR - Ak jERA gL o=

2k = Y
Rm Tl

G 6 A g ARF A2 F k- & (SMDLED) ¢ 4 #® ehkid B
i

L% B2

SMD LED z k3

2 SMDLED k3 B R & £

7R -

e it o E R
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% BHmEARRY

TR BRI R G S LR REET V- IR
FoL@-H o BTG FRALFREFR SR RIMFL) LA
g g JF‘f— A T A e d R o AR F EER 0 K3 - fenumber & 3.34
¥ %4 % PNtype (Positive-Negative) cffdt & SL5F > 4r@l 4.4 & B FF L 6mm (#
&4 3 5 32mm-38mm) o g2 MTF = 5By f e £ 2 < 7 F§%E$¢%J§] (16
Ip/mm) i 0.2 12 F 5 & &El‘i”mb#r;%ﬁ 4oBl 4.8~413~4.18- it ¥ H1H Y &
4 (PMMA) % 3 B 2 LA 47 Zie (71 & Rena £ A4 Fe i b i & £25°
PR G AR R R HRI LA L F LR ok 55

EERE o gp ks A5 (10mm) et RPNk B i A S &)~ 2
Hodol 420/ 4% 7 R P Gk 4ol 6.1 5 2 @ * &5 AEF 414 k= B (SMD
LED) m&a g s 4<fcf it ®WAR o Asm 2 E* aof X~ 2 5 gk 3 5 (EVERLIGHT

ELECTRONICS ) :119-217R6C % 7|z k3 k- imfh o 3¢ H e (W F 28 /L cho £ o

¥ @rohsise (AR 672 27 w ) diksedz 24 5% B i (2201Imm, gy,

By REAREF AN L E IR o (40 6.6)

Bismd g b - Sk B R Mkl B R AR Bes 2 ki ERFEN

L R

4%

AR RFIEEEY PR A G AEFA Y k- &% (SMD LED)
Az gy R - A Al g k- RHE (LED) 0 0 BT+ A B0 2850 B EF AT
T g G o R B S IL SMDLED 2 ki B r I RE 0 BT S n
HF LR AL BISMDLED » £ 3 &Rl 6 cnpRdgd it o % Sk B B el e i

Bem e v HEARY o
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B2 (L%TI %) il g4 (Distortion) ¥ 2 HBEIR XA EF v F 40 42
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Design of the pen mouse (zooml 2 3) s o
LR 087 BT
s
—_ |
. |
—— —————————— |
— —— |
ik
— |
— = =
\ — — _ X ]
|
1
= |
\\g"._E—-"a&’—_ ———
e _b wn  es  em aw - . f
- TOCUS (HILLINETERS + ozsToRTION

Pen mouse lens design_32mm

ASTIGMATIC RS
FIELD FIE:

“a w8 L am E - . s u 4% @ o s oem - B . .
FOCUS (MILLIMETERS A DISTORTION TOCUS (MILLDMETEAS) % DISTERTION

POSITION 2 24-may-12| Pen mouse lens design_38mm POSITICN 3 24-Hay-12

B 7.1 "M4& &R 50" gdzd (distortion) ## o = VBl 5 2D BkEm o d F AT A
LA REE L PR320 0 B AEor iz 1£-9.93% 5 = T B 5 4 B2 35mm 0 4=
o Z-8.07% > + T Bl 5 4 85 38mm > =& 5 —6. 74%

1‘1»';'1‘44 £+é1 s ;I"J_ \:b ]‘_‘1’-7—] rﬂﬁ:p,é‘- s ViR é‘?&fi??fmgﬁ—g ;\‘ y %?BHB )1,1 7 T/F%;
RJE > BB 3T o — A 3 A A L F Wiz 03] (Brown” s
distortion model ) #2 i * tg &k & & = 42 (Radial Basis Function)
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B3 BT

24-May-12

FOCUS INILLINETERS ¥ DISTORTION Focus

use lens design_35mm POSITION 3

B 7.2 & & B-50° “d=# (distortion) # % o = F Bl = 2D 3 W > d F LT AW
AR EES L PR EESZmme B P Bordd & 5 5% & F Bl 5 47 EE 30mm 0 d= o i

4.82% = T B & t#E 38mm > =& 5 4. 17%

7.2.1 #93# #74] (Brown’ s distortion model )

% Brown DC »* 1966 &4 % ek 2 #7383 [35]) 0 ds i & Hdz b o & 2 bk o
(radial distortion) &2 *» % ¥ (tangential distortion) o fgAkd=d i1 & % p 3t
kB4 PR ERZ § Ad % (barrel distortion) =+ 3% % (pincushion
distortion) ; *»4Rizd Plde Flxoddhenih £ A 4 205 % 0 T8 H 2 i d 2 - ik
PARAIE I+ oo 23N 4o
X, = Xg + (Xg =X )(Kr? + Kor® +)+ (P(r2 +2(xg —%.)°) + 2P, (X — X )(Yq = Yo )) @+ Pr? +--2)
Yo =VYa + (Vg =Y )Kr® + Kor® o) + (Pr® +2(Yg = ¥)*) + 2P, (Xg =X )(Yg =~ Y YA+ Par? +-+)
r= 0 = %)° + (¥, —¥e)?

Eq.7-1
290X, V) s & DfBE s (X, Yy ) rdzd PifB - (X, Y, ) = FRIEA

s~ Kn A nfitgkfd GEic-Pn A nfirREd Gl
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Bt A Y 2 R F 2 paahg it > T AR R 2 s T o AP A

*OE TR s R E K BFEL R RSB Bt lhE f 0 B Y g S

T Aot T2 SR EHI0% A FE R AT -
Ry,=f(R)=R,+K-R’+---» R, +K-R}

Eq. 7-2
=Xy =%, @+ K-x0); ¥y = Y, L+ K- y3), where RY = x7 + y;

1% B HBLHER Matlab[ 363 i o B3~ > 5 it i A2 U F i § B

B el K o Bt B 400x400 F 2 B2 > RBI R > A W2 e Al d ©

2

S heB 7.3 B 7.4 -

Original chart Barrel distortion (-10%)
. varel

Reverse using the edge k’

cushion (using the edge K)

A 0

B 7.3 2 400x400 % & T #icen™ #2387 -10%2 4§ 3)va 12 &

Original chart Pincushion distortion (10%)
orighnal pincushion

by 1]
. L]
- DU SR EPSiDail

ANRAEE

Reverse using the edge k’
s e e o o (g e o)

FOEIRIE L BB hodk 7.1 o
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WA E WAy B 1

Distant Original | Barrel Reverse by | Pincushion Reverse by
alignment distortion Kk’ distortion '¢
X-axis 150mm 14 Tmm—-2% 148— 155—3. 3% 154—
-1. 3% 2.67%
Diagonal line | 150 202.23—-4.% | 205. 06— | 227.69—7. 34% 223. 45—
-3. 3% 5. 34%
d PEAF Ao JIrFERlRY 2 L E Gl F JE o g e FAlg 2 - 552

5 ok

CRELE IR A

2

2 it

=z

) -{1\-_"11—[‘ —

7.2.2 T4k = #2 (Radial Basis Function)

R FRREY TR BEIGRAKS AR

EREE R T T L TR R A ST

Wk AR ARG - B EaER S AR e [ E 0 S BEEEAE | G M A AR

AR FIFRNFEE L A ARG Rk

0 = 2R (00) + P ()

Eq. 7-3

Fla AAIRRE SR Y S BEIEYEG B o o AliEtg ik 2 42 (Radial Function) -

D(X)5- mMESHEN By BB ERTEEIAL T3NEEFRGE TR

#oo

TR A R S HARERES, > A4 ¥ L - CODE Voo hude i ]2 A o Ao 7.5 35

~ ¥t i 8k (Correspondence )

T FA) e

T TANI N AFREE > A SBTAF

Thimi

[

11
1

11
{1

H

e

¥
o i3

B 7.5 CODE V piziz o 12500 o =@ 5 MA+H0" 2= 148 > 9-10%2 $-3,%35 ;

77




OB A AT R R AR S LS A AR R
BEUNZEEARS A AR PRI - - HE[3T] 0 B or HE R S
4o T-4~T7-5~T7-6 -

le =Za{x,i Ri (d)+ Pm (Xj’yj)v Eq7-4
i=1

y‘j =Zay,iRi(d)+ pm(Xj!yj)! EQ.7-5
=
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He— iR E B Macro

I"RDM

HLEN “Creation Date: 2011/07/19"
HUTITLE 'Pen mouse lens'

Il constrant image height (0.44mm~0.5mm);
I DOF ~6mm

11 optimization
CCY S10
CCY S20
CCY S30
CCY S40
CCY S50

THCS10
THC S2 100
THCS30
THC S4 100
THC S50

HKC S1 100 ‘ ’

NACS10
INBCS10
INCCS10
INDCS10
NECS10

KCS20
ACS20
BCS20
CCS20
DCS20
ECS20
FCS20
GC S2 100



HC S2 100

KCS30
ACS30
BCS30
CCS30
DCS30
ECS30
FCS30
GC S3 100
HC S3 100

KCS40
ACS40
BCS40
CCS40
DCS40
ECS40
FCS40
GC s4 100
HC S4 100

KCS50
ACS50
BCS50
CCS50
DCS50
ECS50
FCS50
GC S5 100
HC S5 100

AUT

MNA 0.05
MNE 0.14
MAE 0.0025
IMNT 0.14

IMinimum axial air spacing

IMinimum edge thickness
IMaximum air edge separation

IMinimum center thickness



HIMXT 2.5 IMaximum center thickness

OALS1..1<6

Il field3HT

Y R2SIW2F371<-0.25
Y R2SIW2F3Z72<-0.24
Y R2 SIW2 F3 73 <-0.23
Y R2 SIW2 F3 74 <-0.22
Y R2SIW2F375<-0.21

Y R2SIW2 F4 71 <

Y R2 SI W2 F5
Y R2SIW2F
Y R2 SI'W.
Y R2 Sl
Y R2 Sl
Y R2 Sl
Y R2 Sl
Y R2SIW

K S2 <98
K S§2 > -98

K S5 <98
K S5 > -98

DIY F1 71 <0.03
DIY F1Z71>-0.03
DIY F2 Z1 <0.03
DIY F2 Z1>-0.03
DIY F3721<0.03
DIY F3Z1>-0.03
DIY F4 71 <0.03
DIY F4 71> -0.03
DIY F5271<0.03
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DIY F5 71 >-0.03
IDIY F6Z1<0.1
NDIY F6Z1>-0.1
NDIY F7Z1<0.14
NDIY F7 Z1>-0.14

DIY F122<0.03
DIY F1 72 >-0.03
DIY F2 22 <0.03
DIY F2 22 >-0.03
DIY F322<0.03
DIY F3 72 >-0.03
DIY F4 22 <0.03
DIY F4 722 > -0.03
DIY F5 272 <0.0
DIY F5 22> -0.0
DIY F6 Z2 < 0.
DIY F6 Z2 > -0.
IDIY F7 Z
IDIY F7 Z

DIY F1Z3 <0
DIY F1Z3> -
DIY F2 Z3<0.0
DIY F2 Z3>-0.03
DIY F3 23 <0.03
DIY F3 Z3 > -0.03
DIY F4 Z3 <0.03
DIY F4 Z3 > -0.03
DIY F5 23 <0.03
DIY F5 Z3 > -0.03
NDIY F6 Z3<0.1
"DIY F6 Z3>-0.1
IIDIY F7 Z3<0.14
DIY F7 Z3>-0.14

A

DIY F1 74 <0.03
DIY F1 74> -0.03



DIY F2 24 <0.03
DIY F2 Z4 > -0.03
DIY F3 24 <0.03
DIY F3 Z4 > -0.03
DIY F4 Z24< 0.03

DIY F4 Z4>-0.03
DIY F5 Z4< 0.03

DIY F5 Z4>-0.03

DIY F1 25<0.03
DIY F1 75 >-0.03
DIY F2 Z5<0.03
DIY F2 75> -0.03
DIY F325<0.03
DIY F3 25> -0.0
DIY F4 Z5< 0.0
DIY F4 25> -0.0
DIY F5 Z5< 0.0:
DIY F5 Z5

GO

VIE

SFZ110
SFZ210
SFZ310
SF 7410
SF 7510
ID Z1 YES
ID Z2 YES
ID Z3 YES
ID Z4 YES
ID Z5 YES

RET Z5 NO

RET Z1 YES
RET Z2 YES
RET Z3 YES



RET Z4 YES

OFS 710240
OFS Z7201.20
OFS Z3000
OFSZz40-1.20
OFSZ50-240

GO




'it4= Matlabin £ —Brown’s distortion model

%Calculating the coefficient k using the distortion form the diagonal line

clear all;

clc;

syms k k p;

$type the distortion what you need

d=10 ; %percent
distype = 0; %distortion type ; :pin-cushion

if (distype==1)
fprintf ('c
else;
fprintf

end

d=d*0.01 ;
img in

img in

figure (1) ;
imshow (I) ;

title('original

disp('-—====="=-——-——~ A & . T g W "
if (distype==1)

disp('Do barrel distortion');
else;

disp('Do pincushion distortion');

%Apply Barrel Transform to Checkerboard
$radial barrel distortion

[nrows,ncols] = size(I);
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[xi,yi] = meshgrid(l:ncols,l:nrows);

imid = round(size(I,2)/2); $Find index of middle element

$solve the radial distortion coefficient "k"
ru = imid*sqrt(2); %both ru, rd are aligned to x-axis

rd

ru* (d+1) ;

ru_x = ru/sqrt(2);

fprintf ('Input image with pixels %$d x %d \n', (imid*2),imid*2);
disp ('COMPUTING RADIAL DISTORTION COEFFICIENT K');

sol = solve ((k*ru~3)+ru-rd);

k=double (so0l) ;
fprintf ('K= %d \n'

if (distype==

rd x
else;
rd x

end

fprintf ('at x-axis, ru=

if (distype

ru_ 45d

! ignment, ru=%d, rd=%d\n’' rd 45d) ;

rd_45d

fprintf ('c
else;
ru 45d = ru;
rd 45d = ru* (1+d);
fprintf ('at 45 degree alignme =%d, rd=%d\n',ru 45d,rd 45d);
end
xt = xi(:) - imid;
vt = yi(:) - imid;

[theta,r] = cart2pol(xt,yt); %Transform Cartesian coordinates to polar

%decide the distortion type
if (distype==1)
a=k;

else;
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a=k* (-1);

end

s= r+a*r.”3;

[ut,vt] = pol2cart(theta,s); %Transform polar or cylindrical coordinates to
Cartesian

u = reshape(ut,size(xi)) + imid; %reshape:reshape array

v = reshape(vt,size(yi)) + imid;

%cat (dim, A, B) :concatenates the arrays A and B along dim

tmap dis = cat(3,u,v);

$makeresampler (interpola pling structure
resamp = makeresamp
$Apply spatial ftrar
I dis = tfor 1, resamp, [

$subplot (33

if (distyp
figure (2
imsho
title ('L
else;
figure
imshow
title('p

end

disp (' (if we want to reve € [ the k'' of edge)'):;

rd p = ru;

sol p = solve((k_p*(rd)"3)+(rd)-(rd p));
k p = double (sol p);

sdisp (['K''=", num2str(k p)]1);

fprintf ('K''= %d \n',k _p);

%do reverse (pin-cushion to barrel)

xt = xi(:) - imid;
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vt = yi(:) - imid;

[theta,r] = cart2pol(xt,yt); %Transform Cartesian coordinates to polar

if (distype==1)
c=k_p*(-1);
else;
c=k p;

end

s_r= r+c*r.”3;

[ut,vt] = pol2cart (the eylindrical coordinates to

Cartesian

u = reshape (ut, si imid; %reshape:reshape
v = reshape (v
$cat (dim, A, E
tmap r =
Smakeresa
resamp = ma

%Apply spatis

I rev =
$subplot
if (distype
figure (
imshow (I_rev
title('reverse i 1 k') ") ;
else;
figure (3);

imshow (I _rev);
title('reverse the pin-cushion to barrel (using the edge k'')'");

end

90



