ALk e
e o

Design of Optical Finger Navigation

By oA mEop

hxyg min kg



LF TR

Design of Optical Finger Navigation

FopoA g Student : Hong-Yin Chen

R MmAR Advisor : Jyh-Long Chern

AThesis
Submitted to Institute of Electro-Optical Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master

In
Electro-Optical Engineering
June 2011

Hsinchu, Taiwan, Republic of China

PEAR-FR- £



EEERE Yo M ARL

B> 2l ~&ERT1mE ks

F &

ARy AR FCEF I AME ST A AP B R ERY FFET R
7GR 0 R E G RARS > RE RN Tl E AT R F ko SRR R
By BRI R E 2 o R TT L L SR Bt 2R 2N g
PR ATATA R AL £ P R F - Bl ATt IR R

WAL (FH o e B o Bots Afl® 3D B T 0 5 HERS K8

K
g
1%

R R IN KX

Rt

S RFL v FRHRG BT RBOR - R R

=3
K
g
i
3



Design of Optical Finger Navigation

Student: Hong-Yin Chen Advisors: Dr. Jyh-Long Chern

Institute of Electro-Optical Engineering

National Chiao Tung University

Abstract

The thesis was discussed how to prove the'deésign of OFN(optical finger navigation),
and try more methods in light transmission. The more the light guide bent, the more
its irradiance be lost. We modify optical'system in which sensor detect the light
moving better than before. More problems likes mechanical type and controlling
mouse of operating system and touching display. Through optimization, simulation
and analysis of the optical software: Code V and LightTools, and assess the feasibility
of production. Then using 3D graphics software to create institutions components, and
using optical software to analyze the differences between past and now. Finding the

problem, and finish the institutions components.
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B BB e B o

P
=

— —#&
TR "
# & - BmRE
LED 450~-780nm
Rk R
RTR& “ 850~950nm
Kk & o RER&SE

850~1550nm
850~950nm

B 3.1-1LED fj % A %

pL o LED end s N2 7 LED e R3] s F R & B R 3 kand s T H 4
e N2 R W ARY L ST F
(- ) Lamp-LED (=2 LED):

Lamp-LED % #} J13.en¥_ F&ELED 4 & #-5 »‘ib,‘s;&-é G LR s L o

F ot enss o Boc B Rl g g I kehk s F I B3 m o L R ¥
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SRAEL FRE Y - Ll f R S F SF e Y b - Bl gripil g
ERREfE R BRI Ok A ¢ BoL Alenid s or 3 LED 4 & 2.7 0.1W
SRR 3 90%Ea d fARGHEF S @D 5% 5 (551 ~ PCB
Fooh RR EA L A @A A LED i R b dhko X A ] d
W1 FApHPFE - 2 A § FRF DD HEF F o F22T > F 2PINQE §
5140) » 3PIN( F5 v £ 1248 4]) - APIN(E B A £ 12484 - ¥ 5 & 4 daga)) - v
AR SRR LGRS RERL g MY ETARE 2 R

RE RFRAHTES

Gold Wire Bond

LED Chip

Reflector Cup

Cathode Lead

(= ) SMD-LED ( % & #-% 3| LED) :

SMD LED EpRt8Badr % & 00 i & SMT 4ed > 7 w i % > (RdF i faid
TRECHRESTHER CFRAE . - REENI KT L ESPCB FioF &
Bttt o seieis 240 46 LED RE U HAL I RETF A FEE R
STRE R Y B RS R M ER o A G REELED FiE b e
AFEERFE- L BB REY (R MERGENR I FS T 2R
LAl F A Y - kB MBI TR 2 HEMRE LA AEF D
10-20 & 2% o
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Epony

f Bonding wire

Cathode mark

Substrate Electroce

(a) SMD-LED 3 [23] (b) % SMD-LED[24]
# 3.1-3 SMD-LED
() Side-LED ( il % LED) :
LED # %% - B £ 8- LRI5 3 L4 % o bok & * LED ¥ LCD (%

XS+ > #-% & % kb LED > 4%
y B* &4 T+ LCD # %ffw

5T EEFHF % A LED YR T & LED & 7 2 3K
vk P 53 e g B o 12 Lumileds Luxeon I %3 » 3K S 5 » £ 77484 (T &
R B PR FEFE A LT RS R LED #5

7
FFERFFLHAR GRAMEFEY TRESBRREEIE  F LS g ~#ne

B] 3.1-4 Lumileds Luxeon High-Power LED[25]
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W3l b = f8 LED #1%755% > % = f8 LED ] # F 5 LED > # i j£ ¢ 5 &
mW %% > POWER LED p % # # Fdg 4 & IW 00+ > 3 b e g d [Wo
3W > SW o 10W > 20W % 100W ik o -] 7% % LED x5 % & - — dxd] » &8 3
18mil 2+ > 7 LOREF TR GAEAF o T 4 F S - R & 40mil 2
b AR AR LR bR B

(1) Flip Chip LED ( % & LED):

LED % &3t 8 H LA PCB A+ 415 47 8B 7 3 3% A4 oh- RIeh5E B
FIASKFABARRRE I ARRDETH T S B ETH T LT A
Wend G b 0§ BB R SHESNLED K HRENE G ETH T - flenE B
ik H- LED & ¥l R § Rt B A% Hsk s w2 Afrd g PR
HHdg > ¥ Mg 8B LED & % 6 v 53— Rk 6 FBF § S P H T it
o ZHBEAE - LR AR 2 L BT I R BT R S RS 1m e

B * A ken& iR ERP PR G REL 4 5
WA o o 2% LED Btk de R3] Agftang g B kP €5 - 904 Buew
A% 0 4 3 LED J§ 5 PR

ki
ki

B 3.1-5 ICP 10x10 AIN COB 4 #[26]

3.1.2 A< i * A LED 34 2 % LightTool 2 * #-3)
P e @ % S LED kiR A AR #4974 A 9 870nm RC LED Chip(IM)» H #
Mgt ) LR S 870nm e 2. TR Rt o 3k R BFATE ] 4R AR
KTHMEPE ] cSRREDIREF 6.2 & o
(- ) SR
£ %% 4% 5 0.23mm ~ 0.23mm e 0.18mm+0.10mm » & B] & /& 5 85um » # 348
#7725 95um -
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85 pm

rd .'\-\.\
{ ;
3 Y, /| Bondi d
Aperture R i RS
“Eoam

Bl 3.1-6 < % ¢t p[27]
(=) % B HFA(20mA) :
T BAS 5 AR RCLED # 4z & plif g & ¢

I VIEW ANGLE TEST SYSTEM ]
IF: @20 mA

VIEW ANGLE TEST SYSTEM

IF: @20 ma
E0% FowerAngle 1071 B BE(E): 4330 med |ARE: 4330 med E 072 B 50 % PowerAngle 1116 B AEME): 4180 med MAME: 4190 mediE 072 E
-60° 5
‘il -
i
f
90" ! | i S aaflN St |

100% 75% 0% 25% 6% G0% T9% 100% 100% 5% 50% 5% % 285% G0% 15% 100%
(Intensity) {Intensity)

B 3.1-7 #Hch @ BOPVE R 90% v B B/ 5105° 5 B~ B 5 120°

Bk F fot(LightTools) ® 2 R kiR < /Ffri & > N F e P L 3™ v > Wil
A2 5 i o AR RBAGRF P LA E LA P KRS FSG1DE

LED % %3 B A T T > @ m== 520, F 8> 0, 5- LRpRNER

d §3.1-7 7 40, =55

1(8) = Cos™(0) (3.1-1)
—In2

m=_————— (3.1-2)
ln(Cos(Q% )

A B m=125 F F »;8@.1-1D) ]k F gt (LightTools)fh 22 eh1 E X E & >
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untitledt farFieldReceiver_1 Intensity Slices
Imtensity (%)

(a) LightTools #i-#% 2 £ 37| (b) LED it vt 3] ¢
Bl 3.1-8 FAlZfp{ofiilE i

3.2 § &= &% (Laser Diode, LD)

321 - A AN

- R S R A pdEtegick R e c A X HMOY E 4 T gain
medium)ig = I p-n FHd 0 ER FXIPRE TR T IR E L kn REEE
G p R X R T R e B Ak 0 F e Ea i
pnidc i FEHLIRFR VKVER L L3 a2 L4

B K R L e SRR 5 BT AT Fenk 8 R Ste (T
F)UARFEIEE o N LR AL WS ST F S @Ak T
dd oo m ZEMA PBIFEFE NN INF o — G 2F B — G X F Bt (T
AP AR AF AR F e F AR E kT SERE AT S EF R L B
i ’,T.%? M HLE SEFR N o Tt )L E S #}i;}ﬁ;éﬁiﬁﬂ{ﬁ;gﬁo 3
Bt 2 BB FE T LR § FER T R A0 BG e A 2
R LSRR R

- | % iam
wrg@En | |\
BEFETA IRV
i, L
. - i "‘\\
(a) T 5= 1BHE kA F F[28] (b) % % - {EAY & 5o F 28]

Bl 3.2-1 %4
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Fla T b e kR ek - B o ;gs! BA kAT (7
Flig ™ > 4 FOUMLRE Y - ] B ¥ - o LED # (73 B0 ot
$ LED % el o EF MM S HET S S F BB R A AL 0T B
£%W@3§%%’*%?ﬁmmﬁ%ﬁ@*%ﬁiﬁ%ﬁué%HQW%m’ﬁﬁﬁ
ZR, ARG T o LB RAIHMEK > Flptd KT A EFMALL 0 T4 i
Afed & b s~ 2 o

ERAEEEE B AR EAERRE T HS A mR K F Ak
A Ed 390nm & 950nm 2. 7 B0 A B g * ANk T ATER A S 5B S F
BEA T BERTALEARY S A LRETHR LR E LR L] 980nm T
1550nm 2_ F & > 3 & * TR GRI o

0.5 1.0

= - o o o T

Inse/InMgCse/Inses AIGaAS/GoAs/INAIGOAS

INGAN/GaN/AIN  AIGaInP/InGaP INGAASP/INGaP/INGOAS
Bl 3.2-2 & fA G- rLE 4 i chi 42 [29]

(-) =& F &
1. 750-950nm :

PR B S Rl 2 B0 AIGaAS/GaAsALHL T8 & o SmW 12 T 49 780nm
FH OIS SAHFE B XA FH BN ¢ AR LY 3t CD-ROM »
CD-player ~ CD-game % 7 &P o 10mW~1W ¢ %3k (57 5 2 5 > 30mW 9 780nm
T o R 7 8 4] 3 Bk % 4 CD-R ~ Rewritable MiniDisc 5 S00mW~1W
1808nm F &= 1A ¥ 17 5 Nd-YAG 3 Sefypofeih > * 5o % o @ WLt
R T R Y R B F ARG M R e 1 AR &

FEL ok~ BEof] - 1 A S

2. 635-670nm -

PR B S il 3 & 2 AlGalnP/InGaP/GaAs 14 78 & o SmW 12 T eh
M T o R R T S r B AR BRI - 2 e )
X FMFE L > 4o DVD-ROM & DVD-Video /& * ; 30mW = + @ 3
T FTH-IBHY T H B35 5% 4o DVD-R & DVD-RW ; @ & i¥5 3
100mW 1t b i 552 {RAER] Y 0§ SHE £ 4 B T MR : FE L -
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3. 390nm-550nm -

PR BT 5= R 48 ¥ 12 InGaN/GaN/AI203 & ZnSe & < Lk A or S o

Hog sk £ A 8] 5 390-440nm £ 520nm =+ 0 Bk PR B_AAR® B A Rk

G4 Sde HD-DVD kb st B 347 R cher 4 8 % o

Bl 3.2-3 Ik 7 b- &H[30]

(Z )RR & T 5
980~1550nm :

Mgk B b 1R O 8 10 AIGAINAS Ar, InGaAsP H kA Ar A o 3 B
Je# 2t R FEH R I > Rk (Tradiadt i mW I 1W 1 hE b R
WeH P 5 F & and % & 5.8 B8 idk 5 1310nm & 1550nm 7 & = &48 >
Ta kg ek i, ¥ - gt £ 980nm e 1480nm 17 5= &40 * >0k gl &
F oo d 20 £ SRS SOLRUL R BB 508 K 5 1 (WDM) & s R
@ kg BB ] PNl W A 2 .

(=) £E & %3] F #(VCSEL):
Eﬁﬁ ﬂaﬂ@ﬁLuA@%ﬂhMﬁmwmamagiuuwﬂmm@
vELEE T o TRk Tl 3mA S & 10mA Bk IR IET 0 A 5K 5 2mW o

#ﬁf%?fiﬁ 1.85 volt =+ - ¢+ ¢ 780nm ~ 650nm ~ 1.3 ym % 1.5,um e17 VCSEL

LA kEF AR E %% VCSEL 8 F A £ ek £ pF o £ H 24 1310 22
1550 % k2 R G ke pRERG S hInH S LK fﬂﬁ%%#ﬁ%ﬁ*

St - P AL B REEY S 3RS R R A T LG RS ik
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ITC transparent contact <
InGaN/GaN MQWs i
Netype contact ‘ V=

Bulk GaM

P-tyoe Gahl

M-fype GaN

AlN/GaN DER

Sapphire subsirate

(a)VCSEL % 5 - &#8[31] (b)E* GaN & 3] § st2 4 F[32]
F3.2-4 F 57 R # o H

(z) B % F37 5= B4
B F G R 2 2 0 B - LY T 500 4 m i
T A, R0 KR AW B @ iR PR (multi-stripe) & 1 2

il APk 5w A ;',_"_ E]Ilféq* A IB'J’E‘T’ ‘{_
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Sr ¥ RimHp

41 B kLA

4.1.1 Fermat R332

Fermat /32 [33]d ;2 R #cF 73 5§ (Fermat) & 1662 # #7411 > = & T gk
PPy RIZ e kF R K BREAETR AN - 2 A AT Y - 2B 4rE hwept
RF e jo @3 > @ TS enijE 7 - T H B EEEHE o & 42(Optical path length) »
AP RBISSTe TS S n(x,y, 2) SR IZ R 1 ahakff o
NS CERE AN T

OPL = f: n(x,y,z)ds,

ds = ./dx% + dy? + dz? (4.1-1)

ST ERE AN TN

OPL = nd, where n =constant (4.1-2)
L
nis) b
= 4
a ds
1 b
d
a

B 4.1-1 %
§OBCE T Bk B end BET L LR EEGRS B R B R )

K AE PR EE 2 5 R AR [F A E T

ARG IR PR kA > Rt BRET R e
b b
AOPD(s) = [ 'nds’'— | "nds (4.1-:3)

LA IERR ] ZRE 5 FprAPT UEF
22



Aim 0OPD(¢) _ 5J nds =0 (4.1-4)
A0 oe

Y w4 2m B A5 > Y A 22 s L tm ) LT
ﬂﬁ%ﬁﬁﬁanﬂiﬁﬁ’ﬂ&%iﬁéwwmao’wuﬁ&mwmwk’

Z P 7 Fermat's 3@ BLAF Sk 4 B @i L AvE— (o F k- A F Y @34
kB CERD G BB -

Bl 4.1-2 QBT EEeng BRELIE 2T B BT

§OLRILT R 0 1L TRk A &ﬁzﬂms%ﬂ@% "2, KR SR K
1.

AHRH Lgfﬁ}fé,j-, » Bt E LORE T o sk et g i (P28 7)o

4.1.2 378 TEEF T EM
(—) F75+2iE

375 Edp k- ﬁ.s_ﬁ Fer V- fBEF A RITHFDIFT S bl 4
Fomdnss 2 @R LR RENFES v it PFPm g o ¥ Lehb
FAhohfhdE kY H PR R 3R KT ﬁﬂ%ﬁé‘f#‘r’ﬁfﬁi%i’éwk“ .
A A 45 atir g o

Frot e B2 F 5 Snell’s law» d f i 04> 25 R _Willebrord Snellius #7#% ! >
ORISR BT KM P F AT R b g AR ST
Por bk fodr btk At - LG b Sk et SR T Ao B fToT
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A RS F

I
I
N I
N, 6
.hA \<E nlj vl
10
N 1
] : Ng, Vg
B
L O 4t %
: (ng >n;)
' B
X I —x

B 4.1-3 & e s 1o

d B7 Ay X ABRTE- TFRe @31 BEGOFA > HeY ndin s NGB
BT R T S BV R A B SR g fﬁﬁ %fr:‘ 7B pF ek

Boom O L3785 2 i i BBl P R ER o AT IR A
LGk BELpE > H i BIgpE Rt 5 -

/hA2+x2 fhb2+(z—x)2
t=22498 + (4.15)

Vi V¢ Vi V¢

B xa APl o 5l xnER T PR APATEI DRSS §7 F
Hapinh, s hy22 L% 5 T8 » 0 Rt S B 8o~ 0 d Y Fermat /B 22 &

.. R , L, o . dt N o s
PR s s FIP AP ZES IR S HtiRE s -=0> g A g

il
dt X —(l—x
Pl + (=) =0 (4.1-6)
x v /hA2+x2 Vg /h32+(l—x)2
d BlY 2 % &i miem (93
sin 6; Vi
=— (4.1.-7)

sin 9t V¢
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Rttt KEAF? FREFREXEL 7Y FREFRcZFG - Tl ko w

By, =Ry, = B R s R S N T
n; Nng

n; sin 8; = n; sin 6, (4.1-8)

% Snell B FFRAGFEFEI FAT(T? FITESF)RB 2 F AT

EAN I BN e R (R S

(Z) F st

P i Q
\,ei o,
a
(0]
<l—x T X ]

M4 EF g

e 2 0t E SR kd PR QH A St hfoR A AN 0400 0 Hok
TERa>mEE R L xDIH R X DB RDNPLT S B2 T o F] kAR

v

OPD(x)=n(PO+0Q)=n (J(-x)*+a* +Vx* +a°) (4.1-9)

F % e 7F 7% X_Fermat's i 32 » F|pt 4 x jigs ¥ {5

dOPD(x) —-(l-x) x
. in ~0 (4.1-10)
dx Jl=x)+a’ 2\/x2+a2
B A EM BRI SET E
0. =0, (4.1-11)
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TEEE AR AR T A
1. & F 5

Fotm et i K2 Ta o Blac @ 2 b - @2 » SRS F 510 H R 5
GG - T AR 414() R B A K SR B Bl 41-4(b) 5 BT
2 EH o

(a) T8 cF b (b) 7 s £ 5
Bl 4.1-5 ik 1S

2. & & &H(Diffuse-Reflection):

FoEfG e qupE b L2 Lm0 PN SRR - T2 2w 0 LR Bk agr
v ¥ E S e F b deRl 4.155(a) AT TR A B SR F 50 Bl 4.1-5(b) 5 LR
2R K B E B o

(a) 7 S (b) ik < a
B 4.1-6 FF H4F1E
3. 2R RE:
SR AR (AT I 3B )8 A (AT 5 5 ] ) B AT SR 32 A
Wl o~ B AR RIITEL A AR TEHA L B AR L ATHAT TR
o ATt d S 00° PF o L EE O BER ARG 20K BEw R AR 0 R TR LG

GG A RSB R G 2 HAE A o SR 5 T2 F 8, (TLR) > & #io
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#2 RF b2 rbth o fE2 SR & 0, (critical angle) » B A E ¢ 5

9c:s1n_] ke 4.1-12)
n]

P 4 0

Bl 4.1-7 ke F b7 R B

4.1.3 3k if p*(Ray tracing)

FRAE r R E hd 4l Jo%ﬂiﬁ?’«z—i?ﬁzﬁ*lﬁ iEe sy oG B ejp 3 M
T T ARRI KA A L T e A BB R Y £ S &
A IR S B e SRR b - R S o b
Freh f o Bl LS B B TSR Rk o 2 ok Y F bR
Kﬁfmgm,§nﬁ%@ﬁﬁ%ﬁ%ﬁ%%%ﬁwﬁ’ﬁﬂﬁﬁﬁi&ﬁ%%
TR e RS RAR D AR41-T Y T UG SRR - K MG A2 K

sl

kDR xSk g F Atk G L E e By P AT 0 @ F bG5S

AE e EaRET o *%‘ BRI AAPET LRE R E e RS RN A
=
7i=7 =20 (4.1-13)

AT F SR F RS e SR B R G e o
R LI E SR L O U %Mam P
PORRGRT DL AT M SRS BB F S TN 2 (50 RS RMTES e
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Incident ray

by

/

Reflecting suiface

Normal Reflected ray

B 4.1-8 o BN ARE sa

Yo 419 957 0 F KA T L~ I AT 20 kME A2 TR n 2 a

RIE 47 A B4 Fadtsf s I 2 Bl F 7 00 & 7 3 1 (4.1-6) 4ok 455 2
Er e ENET o BT UED:

n'y'xn=nyxn (4.1-14)
SEiD B RN EINAR RIS AR
WP —np =7 -h-np i) (4.1-15)

i

TR A AR AT R R il N o

Normal
n
Incidentray (7 "
}} Refracted ray
8’\ };'
Refracting surface n

B 4.1-9 R A N &R A
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42 BEEHA AL

4.2.1 & & € (Etendue)

KER[BAF ¥ kR Rp fsenkond s HPHE TR AR 2L S
T AR K E RS Y kBN ER  BE- B
~ﬁ£’=”‘%l‘?mé\m7f% R A L el RO A A B L o
Pt 2 B R FRFRE G RIED R L F Rk P EGfEN A EG AR
> HEAH PR k- BMARF L A AR wivy H B

Y

Fgﬁﬁ?f}ﬂ]—l ) ’]';Fﬁ

- Bk kP - B EPEE S dxfrdy &2 P2 AR R
dx'frdy’ » Az B z=0% 12 Gz FzZ=0x%  P3E &Rk
(X,y,2) & seepxy Ta b oo PPt E & EBEXLY,Z) kshyZ Ta b o d Pw
G kL S ez s (LMN) A ik G LS A PP G

H 2 % sz i (L' M’ Nr) Tt Fom BREE i A B G (dlLad1M,d1N) IV

(d,L,d,M,d,N) -

X

ay
d #g

4%
ay’

B 4.2-1 Jc‘sﬁ{@iﬁ,;‘i_?{ %—E‘_ﬁ:;ﬁi = i.

Pans AR AT A E K > Bd RV 6 R A BT A g 0 At
oAz R £ (LMN) (FR e 48 5 Fb 2 48 & 7 Ak £ i =
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dL dM d,N
dQ=|d,L d,M d,N (4.2-1)
L M N

FEH P ESNE B TE N LAL+MAMANIN=0 &~ > 7 {8

4Q = (d,1d,M - d,1d,M)
o (4.2-2)

Ao e & dO (f 5 £):

do = B(ﬁ_Léﬂ —a—Laﬂ)dxdydx’dy’
ox' oy’ _oy' ox'

@.2-3)
B 3 P& } 3 A (radiance) o) AR F ARG o7 2 Ak w3t B W E

ch':B’(aiaM _oL oM Ydxdydx'dy! (4.2-4)
ox oy Oy Ox
Byt kA - BIZRE kA AT E ST E AL 0 F 5N (4.2-3)2 55 (4.2-4) 4P

T AT 4R

B B
== (4.2-5)

S
S

ox' oy’ oy' ox' " ox Oy Oy Ox
n2 a(LaM) _ an a(L’aM’)
o(x",y") o(x,y)

(4.2-6)
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JI* Liouville’s 3% » &7+ 12 & 43k ¢ dedyd'dy’ - G-

n’dxdydLdM = n'*dx'dy'dL'dM’ (4.2-7)

$' 38 T % Lagrange invariant > 38 ¥ L 82 5z B4R d B & B4R A TR A
& % o (L,M,N)=(sinfsing,sinfcos¢,cosf) ¥ {¥:

n’dAcosOdQ = n"*dA'cos0'dQY’ (4.2-8)

THENALE T - BREDG AR RRE ARG PP R EE S

Bepkin, d 5832 s APT g LB R D] HERG ] oA

)

ML EE@I S ARSI P AR R Mg T REE R

T 5 0 L oo R MBIRG L B B 0 B LSS P

Bk R ey 4 ] Sl -

422 B kR L
HEP § LA ?’EWW%U4%WM B4 e st b p R 1 RG Bot Hmc

P
* i sk AR R IR [35]V s FlEE AU g Sk MY R G i o el
47'0‘551 Bk - K ERRFTI - F StG doB] 4.2-2 0 d kRS sh R ) sk ik

TEBRP AP ERRS BE L HBIATEBP 2P m‘é%’”’fhf\fl‘
G- BRM LY #%Wﬁﬁ*%m<%’wnik$“'@m%,mk£ﬁ
P fEfd BEBraf o frae d - B3y m i fkRany 3 FET

PR CERD RATIIH 2 o @ ¢ i 2 gL d A B ik Bt e R

BB LimR 7353 R 0+ o

B
light sourcce

parabolic reflective surface
sereen

Bl 42-2 F SR TR B
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FIF Ry 2ast

501 &A%

i -Cover glass wa = F]75 > 426 i F £k~ KR BE ~ L EF - B HN

BB AL 2.00mm> & A& L 0.4mm ss » 0.3mm> 2 2 LED kkhd &

% 0.18mm

0.3mm

1.12mm

0.18mm

0.4mm

source

B 502 £ BT P EER
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Object space Object Height 0.5 mm
Wave length 870 £5 nm
Object NA >0.1
Optical space MTF 25 lIp/mm(All field) | > 0.6%
Distortion <4%
Lens thickness > (0.2 mm
Center-edge ratio <1.5
Image space Image circle 1.0 mm
Magnification 1
Resolution Programmable up to 3200 cpi
Pixel size 30 um

Sensitive area

0.608x0.608 mm?, 0.540x0.540 mm>

Fo 5.1-1 8 s

B S5.1-3 REFEHER

H3 AR5 LI2mm(4c® 5.1-2) > B & &4 -

33




ﬁ&f#iiilﬁ Peni LA 2 S8 TRk KRBT H S
AR FREAER S Aot g ) B ER T R E S Lo s &
TEEMERIL 7 0 L LB E S 2§ E P o T A
PEFHmE )] AT 3.68mm HF] B p T o

KELEEP o AR B s ERE D ks
BhRE o PRI £H AR
BN Ry SV S R S S EN
KF R kR BEEER B E S

WAL S AR B AR AT RIS ksar b r cng B
M REE ~ b Cover glass s B > EF 47 » FHEL > 323 R &t o F
KB AR RE RS G-k BRRE R AT @i&ﬁﬁ&@ﬁ’ﬁi
**”iiﬁiii’{@éﬁﬂ

kB R i B o e G B e N B RS L B P& @ MTF
ﬁﬁﬁﬁ%’Jﬁiﬁﬁ&ﬁs’@@%&@ﬁﬁiﬁﬁﬁ@%@{ﬁﬁ‘i%
Ao B ML B Rl MR AT R %ﬁ&fﬁfﬁ;{%ﬁ" » B
FAEE R PSR A TR ARG B R L SR o L v B g g b 3R
FHARAARI L A AT A FWRORS R E AP HE Ko

Bk > L Gd b 5 - XK IR
hooF EIpR AR LG
RRES O A LR i B

el (3»«
o R

-E

3

S

2

EN

ol

**7?5

53 353 kP

531 2% A%

e B IR gk 3t R I * Hao Xiang %A 2008 # #73#& ! &9 Freeform surface
lens design for uniform illumination[36] > & = /2 ¥ if * {3k i 4% % 58(3.1-1)
st it > #7050 % 5 % & LED ik > @ 4o LD & * % X (3.1-1)#rkcit s £ 0
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LR 153 R 5 83% ~2xF 5 1.08% & % 2 e 2.62% 0 @ % = Bk
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Bl 6.2-8 * ¥ ¢ (3.573mm)H3
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a. X kiR

X, mm }.(, mm
()& fcd 1:0.608x0.608mm>  (b)#:4c & 2:1.00x1.00mm’
Bl 6.2-9 %% #(3.573mm)X = & K %

b Y ¢ o kiRB A

i, Y, mm

oy,

_l'lll'l'l

| A
0.2 E

= 0.2
0-0 AA‘ e
‘0'2_2 -0.4

_; i [« =4

T T T T T T m

-0.2 0.0 0.2

¥, mm

(@) fc & 1:0.608%0.608mm’ (b)#: 4 & 2:1.00x1.00mm”
Bl 6.2-10 %33 (3.573mm)Y = & Hfts %

-0.3 0.0 0.3
X, mm

c. X&Y & kiR AL

()& 1:0.608%0.608mm’ (b)#: 4 & 2:1.00x1.00mm”
Bl 6.2-11 *F 4 (3.573mm)X&Y = + Wik %
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s3 right s4 Top

sS output e —— sl

—— s0input

1
0_L2Hlesign 4 1_aptiinization 2
ight Tools™7 2.0 RC1

J
s2 left s0 bottom

item Target/(given) Real-field remarks
Volume L/H/W: L/H/W: )
. (given)

allowance 3.493/1.12/variable(mm) | 3.4/0.88/0.80(mm)

1ImW (defaulted)
Input energy 1.00mWwW 0.95mW )

for normalized?
Output 0.1mw 0.28mW
Detection area | 0.608*0.608mm?/ 0.608*0.608mm?/
(receiver) 1.00*1.00mm? 1.00*1.00mm?
Uniformity 65% /55% 65% /55%
Flux direction 45~60degree 25~60degree

%62-1X % b ATk EH R
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Bl 6.2-13 &7k % ¥ (3.573mm)#- 3

a. X > wkiREE

T,

mm
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0.2
0.0 |
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-0.5 0.0 0.5

-0.3 0.0

()& 1:0.608x0.608mm’ (b)#:Jx & 2:1.00x1.00mm’

Bl 6.2-15 #7% %% (3.573mm)Y = » Hht & %
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c. X&Y & w kiR

-0.
-0.4
-0.4]
E| —_— —_—  —
-0.2 0.0 0.2
X, mm -0.4 -0.2 0.0 0.2 0.2y

(a)#fc & 1:0.608%0.608mm’ ()& 2:1.00x1.00mm’
Bl 6.2-16 #7% 34 (3.573mm)X&Y = # WL &

Efficiency ,Uniformity Efficiency ,Uniformity
(0.6x0.6mm*2) (1.0x1.0mm*2)
Light guidel&?2
0.68% , 60% 1.45%,25%
(LED1 on)
Light guidel&?2
0.17% , 51% 1.18% ,25%
(LED2 on)
Light guidel&?2
0.85% ,62% 2.62% ,0.21%
(LED1&2 on)
New Lightguidel &2
0.94% , 83% 2.24% ,51%
(LED1 on)
NewLightguidel &2
1.60% , 67% 2.61% ,10%
(LED2 on)
NewLightguidel &2
2.54% , 5% 5.86% , 30%
(LED1&2 on)

£ 06.2-2 WS % A

ARG R 2393 B2 o H A FIERE A AGRAREF A LER L &
FenF B (TELG 1) PIEE P SO f o
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VAR N 3L )

item Target/(given) Real-field remarks
1 | Volume allowance | L/H/W: L/H/W: (given)
3.493/1.12/variable(mm) | 3.4/0.88/0.80(mm)
2 | Input energy 1.00mW 0.95mW ImW
(defaulted)
3 | Output 0.1mW 0.28mW Flux:28%
4 | Detectionarea | 0.608*0.608mm / 0.608*0.608mm /
(receiver) 1.00*1.00mm, 1.00*1.00mm
5 | Uniformity 65% /55% 4% /0%
6 | Flux direction 45~60¢

Bl 631 £E3 (L)AL F
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BLe 1 9353 B 5 24% - »¢
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Surface Characteristics Irradiation
(of surface)

lightguide L2 s0 Input surface 0.97mW
sl Bent surface 0.087mW
s2 Left surface 0.013mW
s3 Right surface 0.012mW
s4 Top surface 0.026mW
s5 Output surface 0.60mW
s6 Bottom surface 0.012mW

Total input 0.97mW

Total output 0.75mW

% 632 & o §p b7t X

Lz o AR J‘f‘]ﬁ%]

X mm

(@4 1c & 1:0.608x0.608mm’

e S

e
X, mm

(b)#:x & 2:1.00x1.00mm’
B 6.3-2 kEF (L)W LS

62

2007mW: ¥Xe 193593 B 5 0% 2% 4
TR S P#“‘?Fﬁi%] Mot r FZXF
ek Aiay BT oo A ffaiﬂ‘ﬁ’?vlo%v? [ ek ,ﬁ;f])»frﬁ;r] I 72

mE o T ﬂiiﬂ’ﬁfﬁ

J ’

-,E! F {EZE%E’ 352—‘3: °
I N UL 5]:". Ty &
Fd 2rho Dl B R T

SRS T S Ak

Tk (F2)eife &



item Target/(given) Real-field remarks
1 | Volume L/H/W: L/H/W: (given)
allowance 3.493/1.12/variable(mm) | 3.16/0.87/0.80(mm)
2 | Input energy 1.00mW 0.95mW ImW
(defaulted)
3 | Output 0.1mW 0.44mW Flux:44%
4 | Detection area | 0.608*0.608mm’/ 0.608*0.608mm’/
(receiver) 1.00*1.00mm’ 1.00*1.00mm’
5 | Uniformity 65% /55% 68% /31%
6 | Flux direction | 45~60degree 25~60degree

%0633 LEH(F2re 25 0f

Top surface Output surface

Bent surface

Bottom surface

Right surface

Input surface

Bl 633 L% (F)A L H
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Surface Characteristics
(of surface) Irradiation
lightguide F2 s0 Input surface 0.82mW
sl Bent surface 0.056mW
s2 Left surface 0.048mW
s3 Right surface 0.048mW
s4 Top surface 0.026mW
s5 Output surface 0.60mW
s6 Bottom surface 0.012mW
Total input 0.97mW
Total output 0.75mW

% 6.3-4 & B o fg s K

(@4 1c & 1:0.608x0.608mm’
B 6.3-4 %85 (F2) W54 %

BEe 19393 R 5 68% % 5 045mW o X5 1 9393 B 5 34% -~ »cF %

0.094mW > it

A 5@ F gD o

(b)#:x & 2:1.00x1.00mm’
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LED Uniformity, Power | Uniformity, Power
) ) 2 2 Comment
Radiant Intensity (1.0x1.0mm ) | (0.608x0.608 mm )
Silitech 1.33mW 29%, 0.0161mW 61%, 0.0075mW Other OFN
New Lightguide .. .
67%,0.016mW 10%,0.026mW Origin design
1&2 1.00mW
New
L2 1.00 mW 53%,0.068mW 46%,0.031mW Lightguide1 &2
_optimization
Output
F2 1.00 mW 31%,0.094mW 68%,0.044mW L
optimization.

% 6.3-50FN 353 B frs F 21 i
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2
0.608x0.608 mm &= BEcIg 5 L) £# 5 0 FHRF £ TR B E

SRl R F T D 44% 0 B R AR 2 R F ks EE
TolmBM ke §rtd BN FENUT DR P om AT Bent E R
PR RE o R MOREEY o IO RaRRP T R L B TiRIBI R
EF)60~70% 0 FrF G AE R SRy R BRI RL S EIERD 00T
W gAY O RFRLES RGP R N T3 R B RS
Mo B R SRE RGP R 68% > i B 5 G 0.044mW(F A G 4.4%) 0 =
FRIRfRITA Y 2 G RS kR

R ks o B P AW G R T 0ES] MTF i @ > fe F R854
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AN PR LSy Bavcd o p A AREPGLFE L F R F LS
LT E R L L AT T d A B R ta FEHEA L 0.366mW/mm’
P ERGEAR AN S 60mW 0 &2 LED B X 2mW Ap E R o i F K
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Case Source | Input Cover Sensor Sensor ratio Note
.. Sun 672 10 0.33 No grating & finger
Origin 482.4
LED 2 0.77 6.84*%10M-4
sun 672 58.4 0.2 ing:
vami 174.2 Gratlng_.l.Omm,
LED 2 1.31 1.32*%10A-3 No finger
sun 672 59 0.17 ing:
. 92.9 Gratlng.. 0.5mm
LED 2 1.24 1.83*%10A-3 No finger
sun 672 57 0.18 ing:
v6mi 112.5 Gratlng_. 0.2mm
LED 2 1.33 1.6%101-3 No finger
Sun 672 29 8.99*%10A-2 - ing:
v6m5 16.8 Cross grat.lng.0.2mm
LED 2 1.64 1.92*10A-3 No finger
sun 672 59 0.17
v7ml 111.1 Grating: 0.1 mm
LED 2 1.31 1.53*%10A-3
sun 672 30 9.3%104-2
v/m5 48.4 Cross grating:0.1mm
LED 2 1.61 1.92*10A-3
sun 672 59 0.19 Circl ting:
v8m1 118.75 ree grating
LED 2 1.31 1.6%10A-3 0.Imm
P.S. All receiver unit are milliwatt.
OF TS Bk LEDAH 51 5 4840 B R L BALG TR AR T
Skt e B L EE S ERRHIT TT SRR B R aver
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