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COLOR TEMPERATURE MANAGEMENT FOR LED BACKLIGHT
INTEGRATION SYSTEM DESIGN
Student: Chun-Kuei Wen Advisor: Dr. Hao-Chung Kuo

Degree Program of Electrical Engineering and Computer Science
National Chiao-Tung University
Abstract

This study aims to verify the function of the integration system designed by the
combination of the software and hardware development. The software design includes
Micro-controller (Motorola 16 bit MC9S12 control chip) and Embedded Real Time
Operation System (memory management, peripheral management and application
program interface). The hardware design involves.LED array module and LED (RGB)
driver module, in which the electrical desigh concerns-its specifications and an integrated
layout is designed. The function of the system derived from the PWM signals was
produced by MCU to control the driver circuitofithe LED and produced visible light with
different colors. The stability of chromaticity and brightness of the LED can be affected
by its long-term use. Therefore, the Optical Feedback (OFB) is controlled by conducting
optical-to-electric change and by reading the analog-to-digital signals. In addition, the
thermal monitor is read through the temperature sensor on the LED backlight. In
conclusion, Ultimately the 0~100% DUTY signal output of the MC9S12 EVM PWM, the
optical-to-electric change output and the accuracy of backlight temperature are all
verified correct. Finally the brightness and temperature of the LED backlight also gained

the accuracy of the optical feedback.
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IC > FyEl 970 (RO il P s -
. PWMFZ%HJ
= p;ﬁ%fﬂJﬂLCDwﬁ et | fﬂﬁt: | U %E&jw‘j‘ﬁf' Iilﬂ ?[ Gyl RE Ry
féﬁﬂ%‘u HE HERLEEEY PWMY ik o R 7] if;!bg‘ﬁfﬂ FiEf BTSRRIV 0 TR LED
TRTII5006 VTR AR T R 50%6 [ -
o FIEVETH]
FV R LELL EDRE VR F 1 [RAACE I e R T » [ o R -
FIIP ] AR LEDS TR - S IR AR B 2
iW{IPWMFﬁﬁ YN E | Er VRS Jﬁf[ je! F%Fﬁug ﬁg"g?ﬂﬁ LEDFEf - [
Z[PWME |-~ JE—#W [ﬂt@‘ig Tt 2 PWM SR ;‘IF"[E\HJ‘ ’ fﬂﬁé[ﬂﬁiﬁ’ﬁﬁﬁﬂﬁi% ’
= VRIS B (RPWIMAE R i e AR o ) F 17 2 [HPWM
AN - 1 3 2 RPLTR RS i‘ﬁl%’rflﬁﬁ& S o M B 4 i
PRICRRTIE e g = S AR e - LEDR A - iy
FEVRRIST 0] P RO T RV 17 i SIS ] e
o ISRL A fip -



13 UL S

TF%T”JFJLCD*‘% T fﬂﬁ: IE] H@ﬂ?ﬁ“ﬁ?&@ r;hﬂ ﬁ 73 p PR R Ry

U096 [ R ’lﬂﬁaﬁ‘:ﬂ r #ﬂﬁ. 50/le§5&@ |J;llﬁfgi“fﬁgkfc B
RO L"EE'LED?}EHI’J‘ AR R PRSI [ S B
HpY R %o i F P PWMfﬁfﬁi F“FTJ%%E’ ELTER G H PO T EIPWM
TR G0 > PWM(E BRI I fhe 100HZ - 54 S PWMFERRLIV U R
[FiVERg ] -

Color Sensor
LCD Control 7 : :
Mixing Light Guide & LCD Panel
| Temp. Sensor | LfB Ligh‘l Source
F 3
| 11
Temp. FFF = PWM Current
PUWM Confrol [l Power Supply
N ) LfE ﬁ AM Cﬂmml
¥ Optical /B Controller
LCD/ Display SYNC N .
Controller P| Dynamic
I o
Backlight Control
Brightness Color

q%ﬂ 1.2 %Z"’F"JHL SR
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(L2 B 5 A0 2 0 S0 AR IR ~ SR R

POpPRL S ~ PWMEEIES - LEDRERYFETE ~ LEDT]AAY = LCDA 42 s i

[l e £ 32 = [y 1 A LCDRET 4 il BN A B IR il ¥ sl =
~ Bl iPWMEF SR L EDRRF R SR LEDF VR 150 bl

TR S0 G ORISR A 1 SRR [ R AR [ B2 55 4 - F S

PWM%%ﬁ‘ﬁfﬂﬁgﬁfﬁﬁé‘,j FRILED Jufif = 1 e fp bl - (e i i LEDE]
APETEI(IRGB = i £ 1 JETREL S (P <) (FIRGB= i (A 1 1
B SETg) = F AR LED R U T 3R R [ Ry 38 =EA [pe A -
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1.4 —Fu?@ I’ F"TEJ“
~ B T R RIS T S T F & ok
FIFORIAEEE (o STRIE) 5% FiE IR - MCOS12 EVM i fflio= f
F‘? (R R ~ PRI WRTE (Peripheral Management) » (355712 (Task Scheduler)
SRR PI(API)’JFJ i FHEHIPWM(EDUTY) ~ AID = 51= fiLED7 {327
YIREfO[K% - COTCOFEA 7 [ LED/]64 PCS LED [l i o~ 4 » ¥1 [l 7y
~ SRR e AR PR (UMY o D LEDRERIR I
Macroblock > Filf“MBI1816 Wéﬁ?ﬁ(ﬁuLED EEFYIC - f%?ﬁmfb‘: IF@E*JICW{%%%’E
R=31ImA - G=48mA - B=25mA - ffi= <ILED7* fiiﬁiﬁgﬁ‘g o 3T ﬁ'@gcﬁ'@?ﬁ@
A BRI RS vt © ST A TR R
BRRRIEII=" LED AR 1§ B <ol = Ui isin, Sk 4 J’Wmﬂ
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ﬁ
G
i

MCU 17

2.1 RS R R

211 JHEE T o

b IR S RO 2L B e S 0T B T SR IR o ff [JE”F“,FI
b SRR RLART TR A el R R IR AT EVM
Board _F > = RTW Embedded Coder ¢ /B 2l k|7 A 21 - S =21 EWET”FE'F%J*E?C

TRCH lffﬁl* EE e

“ Backlight Unit 7 RN - JRRIBFER R [ B IR - MCOS12DG128 » i
M68KIT912DG128 Evaluation Board » ° MC9S12DG128 wt D-Family ¥ fkL— Hi-fe
TE'E‘[?*- i it > F [ [H 128K Bytes Flash = 8K Bytes RAM » B [iU ']gJPEPLﬁF[
Eﬂ'%ﬁ’%ﬁlg'Jﬂf Pl -

P&E Inc.” USB HCS12 Multi-link £% Evaluation Board = PC #ilis i1 » H =
E)F IR [ENAZTRS o {7072 Evaluation Board fiusiFf - - HEHEE MCIS12 ﬁIFLI S
Background Debug Mode > [i* I 1 CPU [iu#he > &5 i [ﬁ%ﬁ ° 3253l Multi-link [i’ -
PC fﬁ'l%ﬁi VA = fbﬁlﬁjﬂpg » 175 Real Time In-circuit Debugging » ™ i* f¢f] 158V
P il ; MRPREeR]  FRE R R -
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PR i R +FE YIDM UltraEdit » %57 F‘ Alptt iy == [ S AR PR M [Motorola 3rd
Party » Cosmic Inc. » ”"?H'.FF[E[ELJé%f?E o Bﬁ}ﬁ?f | 53 HIELCosmic ZAP-ICD12
=##Cosmic ZAP-SIM12 = ZAP-SIMI2i* FTRHost/PCHFVIRIRERS - 2SS UIRET R~ (7
SRR RS ST Rt Bl 5ff « ZAP-ICD12[i"#*Evaluation Board > USB HCS12
MulU—hnka[F‘ ' & 7 H5T BrReal-Time ~ In-circuith@Ri=" IET%FE » " | Flash/EEPROM

AVEEERIPgS > SR S BWHEY = EVM Board["| ©
EARNIN T S
Name Description
1 | HostPC IBM PC, WinXP Prof. , Intel P3/P4, 256 MB
2 | Target Board Motorola M68KI1T912DG128 with DG128 soldered
3 | Editor IDM. UltraEdit Ver 10.10
4 | Cross Compiler Cosmic HCS12.Cross Compiler 4.5L
5 | Debugger Cosmic.ZAP-SIM12/ZAP-ICD12 3.72E
6 | Flash Programming Cable P&E USB HCS12-Multi-link
7 | Digital Oscilloscope YOKOGAWA DL708E
g | Multimeter Pro’sKit 903-150N-B

MY s

Diguial Oscillis oope

B 2.0 PR BB T
14



212%r é& T

202 B R AFFIIDE T SV SRUA - KBS R ESPC Py

F R A AR Make File:Z3EMS-DOS. Bat Filei 5! - *Bat Flleﬁ@PEé‘?ﬁz
JANE TR o DIFFEZE e S AR I [ o [ 2.255Make FilerE = AH T -

s

I BN A -

(1) g - ?}’f’r‘:f' ; ‘%?Eﬁii‘ﬁﬁ g™ > IV E1EL_temp_dir_ -

(2) s Source Files ~ Header Files ~ Link Command Files/&=_temp_dir_ -

(3) Fhi=Cosmicl r}ﬂ”??—n’ a0 ox6812.exe 1r}%%?$r'§80urce Codes ° ﬁ%
=d>  -ab -~ +nowidenthf ! 'Jﬂﬁtﬂ*ﬁ m;uﬁtj:[ SRR thltl—@ﬂ%
%Eﬁ (11 -

(4) aZfiLink Command Flleﬁijcllgn‘ﬁﬁ‘%JL o FLEHAE 0 clnk.exe o il iE
Executable File, H12 File.@

(&%w’iwﬁﬁﬂﬁﬁﬁ%mﬂﬁWHwQWﬁa%ﬂde
Mechanism) » 5] | GG =~ F=bs 147 PJH‘F%JL - ?’?TgﬁBank Switching
Bl - = RIS B R ba2AaA = 16384 bytes < AP I (1] -

(6) ¥~ chex.exe > [EiBiEXecutable Flleﬁl\ﬁfﬁ?“H&MotorolaﬂﬁSlg Format °

(7) Ehi=clabs.exer®: & Absolutely List Files -

(8) FaGHFh "~ [F=Bat File iz fird (AR = FHIEPERV E 15 » 4 l_temp_dir_ ©
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start

L

Making temp-dir-

!

Copying *.¢ *.5 *.h
* kT
To
_temp_dir_

CE?

Compiling

&

@

b

Linking & Chex

Linking & Chex

)

b

Linking & Chex

Linking & Chex

[

¥

Linking & Chex

start

ﬁ%ﬁ‘ 2.2 ET@%”E'J/ Make File jiiAH




2.2 MCOS12t)- ~ L f=" i

2.2.1 M=t

F PR S VRS ?{L_’MCQSIZW@\?T@%E’Elfjﬁ[;“ T I') i Blackliht Unit/iis
B R ] o %f[ﬁliﬁ%@@(ﬁxed-point operation)’?'?ﬁl Z<(Look-up Table)
PN T B Jlﬁjﬂ Al e BT AR G P RE N e R PIETE T S A
SELFR T HCS124R 4 8 - SIIHCS128E (R F IR o LI ST - B
FEHCS12% =2 S==fp 4 5% i %% [2] -
2.2.2 MC9S12H- U‘f}[r

AR R e VMCOS12 R = - H R £ 2,25

EX

. 2.2 MCOSTIR Rt ¢ 7%

i

SEI()
CLI()

NOP()
GET_CCR()
UPDATE_CCR()
KickWatchdog()

N | ] LI DN P

2.2.3 ERLEEFRET
A 23404 A OB ERIMEP IR - AR T S Y 2 b
FrH i SO YO TR i I R )

17



%23 WEREEE &

g
U8 mul8x8sr7(U8 argl, U8 arg2)
U8 mul8x8x8sr16(U8 argl,U8 arg2,U8 arg3)
U16 mull6x8sr&8(U16 argl, UR arg?)
U16 mull6x8sr7(U16 argl, UR arg?)
U16 mull6x16sr16(U16 argl, U16 arg?2)
U16 d_16x8 byl6(U16 argl,U8 arg2,U16 arg3)
U16 lagfilt(U8 g, U8 input, U16 filtered)

] O] O] ] LI DN -

224 HFpr

EL 0 RRHRT > 7 2 Al MRy Ay B B ISR P TR > 4
VI IMCOS12. Y bl g f7 T k2 TR U2D/3D f A= o HHBRE A
245

24 HAFEVRETR

PR
U8 LKUP9_2D(U8 *Table_Addr , U8 Input_X)

U8 LKUP17_2D(U8 *Table_Addr , U8 Input_X)
U8 LKUP33_2D(U8 *Table_Addr , U8 Input_X)

U8 VarStepLKUP33_2D(U8 *Table_Addr , U8 Input_X)
U16 U16LKUP17_2D(U16 *Table_Addr , U16 Input_X)
U8 LKUP5_3D(U8 *Table_Addr ,U8 col_arg ,U8 row_arg)

U8 LKUP9 3D(U8 *Table_Addr ,U8 col_arg ,U8 row_arg)
U8 LKUP17_3D(U8 *Table_Addr ,U8 col_arg ,U8 row_arg)

U8 LKUP33 _3D(U8 *Table_Addr ,U8 col_arg ,U16 row_arg)

O o] Q9] O] ] | WL N -~

18



2.3 I[::E (i ?Er&"ﬁ rﬂ O%_ELWJF?FE@[

2.3.1 fisyt

iﬁ;ﬁiMC%lZDGHSHﬂﬁ‘Ué‘EEJ R f@ﬁf«‘ﬁﬁ‘ﬁi [P RV RUN - Bt
LEMCOSL12[ T 5 F““%f I'F”T'”iipl F%'Jt » AR AIDEPWMASE FREVAE U B
FAREN! Iﬂ%i\ﬁﬂ‘ﬁﬁ‘%ﬁ Y] -
2.3.2 y}flﬁﬁglﬂ

MC9S12DG128]"| ! #|8K RAM > 2K EEPROM - 128K Flash ROM - % ")
MC9812D6128f%’fﬁﬂ%ﬁ'ﬁlﬁﬂash R 2 ] ﬁf«‘ﬁﬁ‘piq' I H IMCOS1 27
v F’;’?El?ﬁ%’%ﬁjﬂ(Page Mechanism) y 'Fiiilil4], [5]1 [6] -

@%‘2.3&5‘?%'2.45;? R f‘[ﬁ[(Memory MAP) - [feﬂ‘z 35 B R F[(Reset)
% /110 Registers RAME*FIEEPROMFHI%FENF[W il F[Gﬁt pe R (4] A
.1 1/0 Registers ~ RAM’:*IEEPROM%I e #l> £ fliStack Pointerﬁvjé[i!ﬁ%ﬁm
0x4000 ° [fi2.4%%Flash ROMEJFTHI n‘,@%u Foayii! - Bk ﬁf«ﬁ‘ﬂ R R e
fEa, o 1) B H AR TR -

o HPRHZE ﬁ@\'f : %W%E@??’Jﬁﬁ [“RRLHIROMI) (7718 - el o0 (e %
p [ EF T (Lower Unpaged Memory, Page $3E) ©

o HIBF= IR f"??&%?‘ MCOS12jfI fifLi %Jﬁiﬂﬂ F¥=" {1 (Standard
Cosmic Libraries ~ Math Routines ~ Look-up Routines ---, etc.) ~ Fl #3574 (ISRs)
'J?J%“L (Foreground Program) =™ » HFF‘%\ fib fgﬂﬁﬁgj fr 6l - F 1 (Upper Unpaged
Memory, Page $3F) °

o FERHAVENSSTEIH1(Paged Memory) ©

%Eﬁl » B RERD B E IR HL (Inter-Page Function Call)d [EIRUSEL - §§i?ﬂ@
BITE EU‘! AR [T 55 B R Bk 38 P Ri(Local Function) By = 38 B (Global
Function) ° Eﬁiﬁa?}‘g\fﬁﬂ MACROE[RE 4L » gy H =V R T @inline g FY

19



"static 5 {SAfi~ (Qualifier) o KRR EEIE AV o BIF ST FIflIAY S f@‘zgylg{rfs%?
G T@fary o TR IR F“ILE*E%FJF—PHE‘JE“E}IE‘ (1] -
PR B i IR (Object Files) » #5132 1 | 07 T (Linking
Process) © G5 = %Ii}{‘—’j  Object Fllesglﬁé’?jcll KPR el G 5 A Al (Executable
File) jcfl ?Em Fiel ST laﬁl—.? 7F§ '(Link Command F|Ie)%£ T‘@%Eq%ﬂlz 3&*1@%‘24

A A FuLink Command Flle%tﬁﬁ ° ASF “Lﬁ%t’ [ Hdt%‘é?“,/r, TR TJ
%7 Link Command Fileffui 3] » %ﬁiﬁ (11 -

After Reset Common Setting

fo000 fo000
- [/0 Registers - Registers{1K)
‘ili.;uu ‘{IE-IIIII
Ilr;'-'l-l- JOTFF
wan RAM $R00
EEFRFM{ 2K}
JOFFE
$1000
F1FFF I]H-I-
2000
RAM( 8K )
$3FFF

Q?aﬂ' 2.3 MC9S12DG128.1/O Register ~ EEPROM=RAM. F%"Iﬁ?% 73 el

20



MCU Address Ext. Address

(Logical Address) (Physical Address)
SFRO00 (1) Constants
v _ -9 | () Cdlibration data
7 (3) RS232 o CAN Commurication
L
IKLowerFed | el
PagedMemyy | 000000 e .
(Page $3B) S
Block 1 . Block0
I T I - T
$7PPF $FBPFF \\“
$8000
Background Tasks
Section 16K Paged Memory $38 1 $30 | $3A| $3B| $3C| $3D| $3E| $3F | ppace register
| (Base+$30)
$BFFF
$a00 SO b y
o
PPAGEValue | Physical Address Range
16K Higher Fixed
Paged Memory » -
/ (Page $36) $ SEUO0D-$E3
/ Block 5 SEAQUD-SETFIF
/ g ! $3A $ERO00-$EBFFE
‘/ SFFFF SFFAFF $3B SECOO0-SEFFFR
\ $3C $FO000~$F3FEF
(1) Interrupt vector table, )
N 2 | (2) Start-up programicrts.s), Block $3D SRA000~$ETHEF
(3 mein.c (including VarTnit() ) 0
(4) Peripheral HIW rmodule (AD ++) $3E SFBO00~SFBFFF
(5) Library (cosmic lib. , math, flash +-)
©ISRs $3F SRU00~SFEFER
(7) Foreground 5000 Hz Tasks

[ﬁ[ 2.4 MC9S12DG128.VFlash ROM?"I‘EL?E;’? el
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233 FEGHATRR
ETI (e Jtﬁ”%ur R AS (= ﬁvqi E,EE'(RAM) (i AR B T Simple
Method ; > A M = ﬁjqi E'FE‘ w&‘&‘ﬁrﬂ F wwﬁi_ %«@, » IR
ﬂ%ﬁaﬁg l Eﬁﬁ%gl U 24 [H]= Stack Pointer = 4 ¢ ﬁ,ﬁ%)%ﬁﬂﬁﬁ[ " ]Heap
Management#* Softwaref|1 > I' | J/q' SRR H Eﬁ?{ﬁlﬂ’ﬁ b o FU8R2.3.28] > £ ¥ HIH]|
Stack P0|nter?*i7§lf[&ﬁtx‘g0x4000 » Static RAM Memory. E[ﬂf[g’!—t\JOXZOOO RAM Size
E8K Bytes °

2.3.4 PP S B TP

2.3.4.1 =i Eﬁﬁ@(Oscnlator Clock)

£ "3 Controller Area Network(CAN), ¥ Vri#7iz 1 AZ(Jitter Consideration)
CANElf’JE\ﬂJfﬁ’fﬂéW}k" 1 E R S s (Oscilllator)#24H [7] - CAN/Bit Rate— 413500
kbps5250 kbps » =" MC9S12.” CAN Baud Rate Prescaler Register(CANBTRO)!%51 ~ 64

(71 - Al ]S (5t CANG TSR Rt PR VTR I B BRI 1) TR
1o BUEE PR [8] ) Motorola e/ 4 MHZ=4 “JFETPLLF’%: VA
7] ='4 MHzﬁp@wVﬁ‘l‘% C RV T FRE A MHZE S A P Rl R “ﬁiﬁf
R -
2.3.4.2 ﬁéﬁﬁ’ﬁﬁﬁﬁ@(System Clock)

FEE@T@MCQSlZﬁ,'% [ pIFssks > o= FRH A PSS (Phase Locked Loop,
PLL) Eb sl R 1T M o sl R AT R 42 il 45 4% - 32 BT 5 (Core: Clock,
fcore) > MC98123E§ﬁ.' VSystem Clockf350MHz [8) & 24 ¥ [FX XV 48MHz - I')
i &@F‘, G PR IR B A o ﬁﬁfﬁt’sgu e b F YR85 > H ] fosc =
4 MHz > [[[SYNR =5 REFDV = of ﬁf"lfcore =48 MHz -

22



SYNR +1

fcore =2X fosc o e ——
REFDV +1
f
f _ _core
bus 2

Where,0 < SYNR £63,0 < REFDV <15

[ 25 S - AR ITE R T R

2.3.4.3 [l £ 1k (Bus Clock)

Fiagvk] [9] [ Hifeif ZEFiE (fous ) b = asfisepu— 4 Bl | 4 FIV
f%%ﬂt’ﬁjﬂé SBus Clock:324 MHz °
2.3.4.4 ;:,Tﬁﬁ N AT (Timer Count Resolution)

EFFTR AR N PR 128 [10] > HEGR TR fp fﬁ‘ﬁﬁ'iﬁlﬁﬁiﬁﬁjﬂﬂ
ENAI(Input Capture)ﬁ‘}ﬁfﬁﬂ(Output Compare) ¢ =’ TimerfiuSource Clock: 5 f%ﬁjﬂ
e [‘Jjﬁﬂ;{/ Bus Clock » Fl" | TimerfiifAr e K5 gIis Fr. o
24MHz / 128 = 187.5 KHz => 1TCNT. =5.33 us
2.3.4.5 [FIRYET I AN AL

PR 3'E3=1* ) E B [l = fIfuTime-Based Tasks > £l fl1— {[#Time Step:%200 us »
P3= Time Step£310 ms » % & 2FH[MCIS12. Modulus Down Counterfii! ﬁiﬁﬁwj FIf
ijjgjrﬁﬂj Modulus Down Counter|7# fifi & 516 » £l Source Clockt%Bus Clock [10] -
H[IDown Counterfigd g =4 o
24MHz / 16 = 1.5 MHz => 0.67 us

Modulus Down Counter Register fi'¢:£5300 » i fIl7= Oft{ - E‘f Al o
felof i“"iEFFDCPU}{ﬁ’?ﬁW*?ﬁﬁ&'ﬁﬁﬂl%ﬂ@ﬁﬂ =(Interrupt Service Routlne, ISR) -
Pppr=— s » 7+ 2[]2 300 * 0.67 = 200 us i F — V1 f—‘ff"[ 200 us Time-Based Task
[ 5 Tl - = 4710 ms Time-Based Taskfiush = Tl - i #[[ 2 [ FRIFT R B0H - RiFE
AR 2T PRl -
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2.3.4.6 3[[pjFA(SCI)Baud Rate
' [11] ' #' SCI Baud Rate = Source Clock / (16 * SCIBR) » I'} ™ ¥ i’
Fjiﬂfﬁﬂﬁ[‘}ﬁi =H| o

SCIBR =78 => 19231 bps => error% = (19231 — 19200) / 19200 * 100% = 0.16%

SCIBR =39 => 38462 bps => error% = (38462 — 38400) / 38400 * 100% = 0.16%
2.3.4.7 17| r,Ji%ﬂg*E# I(SPI) Baud Rate

F" [12] ' #/'SPI Baud Rate = Source Clock / ((SPPR+1) * 2 (SPR+1)) » I'] » %]
L FEAFisk | {32 -
SPIBR =0x47 => 18750 bps
SPIBR = 0x46 => 37500 bps
2.3.4.8 11C Baud Rate

El [13] [ #1IC Baud Rate-= Source Clock / IBFD ( Max. = 100 Kbps) » I'] ™ %]]
FE M oAl HE R
IBFD = 0x35 => SCL Divider = 1280:=>24MHz / 1280 = 18750 bps
IBFD = 0x30 => SCL Divider = 640"=>24MHz /640 = 37500 bps
2.3.4.9 £y f‘ H9(COP Watchdog Time-out Period)

Watchdog Timerf™ Source Clock 5 =4 28 #15 (4 MHz) » 7% ¥ ;2 # Time-Out
Cyclesti2~18 [9] - E[JTime-Out Period = 2718 / (4*10"3(KHz)) = 65.536 ms °
2.3.4.10 KIEEEETE 5T T(ATD Clock)

J Pl t A5 (ATD Module)f~Source Clock:%Bus Clock » =" ATD Clock =
Source Clock / (PRS+1) » I'| ™ FbA s vR] [14] Fir{=0 ATD Clock a:ﬂﬁ%g‘[ °

o EFTRFIHT > 48 bus clockkL M 5 > 8MHz < fbus = 24 MHz < 32 MHz »

Check OK!
o ATD Clock =24 MHz / (7 + 1) * 0.5 =1.5 MHz > Check ATD Clock =>
0.5 MHz < 1.5 MHz <2 MHz > Check OK!

24



« HCS12 Conversion Time = Min. 14 ATDCLK Cycles =14 /1.5=9.33 us
Max. 28 ATDCLK Cycles =28 /1.5 =16.67 us

2.3.4.11 FIash/EEPROMEﬁ%’fr(For Erase/Program)

FIashE‘ﬁEEPROMEJEfﬁﬁ% JF“?FE' il [15) [16] > I”*Efﬁ’fr“ [%*Flash/EEPROM
FUTE 51 (Erasing and Reprogramming) « I'J ™ #Ese#0vR [15] - I'JFlashth
[ » Rti*IFlash Clockiiegt A -

ofbus =24 MHz > 12.8 MHz => PRDCLK = fosc = 4 MHz

«FDIV[5:0] = INT(4*(5+1/24(MHz))) = 20

«FCLK =4/ (1+20) = 0.19048 MHz > 0.15 MHz, Check OK!

«And (1/FCLK + Tbus) = (1/0.19048 + 1/24) > 5 us, Check OK!

FL,'W[:TI/ IS Flash Clock > FCLK=10:19048 MHz -

F 1" EEPROM Clock=*Flash F%?ri?ﬁﬁﬁé AL ﬁﬂt ¥ VEECLK™" £%0.19048
MHz -
2.3.4.12 RAMEﬁﬂ’f&

RAM Clock£%Bus Clock = 24 MHz ¢
2.3.4.13 ﬁ@g‘zﬁﬁéﬁﬁﬁ@@wm Clock)

MCOS12DG128+H 7|85 8-Bit PWMTi* HL il ] » PWM.L AR sty g 2 [

(171 -

E;F%PWM%#F%?} EH20KHz - Z EPWMOLLEREIH S - Source ClockE ™|
Clock SA » [ HI(fi[i' &+i1 - PWMSCLAZ ™3 - fIf
Clock SA = (24MHz / 1) / (2 * 3) = 4AMHz -

El"TJ‘JPWM?’Tﬁ'%E' ’ PWMPERO%‘?PWMDTYOEIUF%%_’Q[W °
PWMPERO = Clock SA / PWM_Freq = 4MHz / 20KHz = 200 -
PWMDTYO =0 ~ 200 (0% ~ 100%) - #&A% £51/200 -

25



2.3.4.14 MSCANE#jﬁ@%J%

MC9S12DG128]" | 47 CAN - I') > HIF{MSCANAYHTE - [ F CANFEL iUl
RS o < S22 J8 PR B 15 S5 CANFIY Source Clock » '] SBE B 41 5 B E (Jitter
Consideration) [7] < I'J ™ =% [ 18 JH[CANfYI= i i - Bit Time= Fﬁ B4 B (Segment)
HYTime Quanta ° |E§% : ﬁtﬁﬁv[

—F?&Efﬁﬁ‘[ Bit rate = 250 kbps
Bus length =20 m
Bus propagation = 5*10"-9 sm-1;
Physical interface delay(Tx + Rx) = 150 ns at 850C.
MCU Oscillator frequency = 4 MHz
HII
Prescaler = 4
Nominal Bit Time (Time quanta) =8
SYN SEG =1
PROP_SEG =1
PHASE_SEG1 =3
PHASE_SEG2 =3
RJW =3

Oscillator tolerance = 1.485%
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2.3.5 r%ﬁiﬁfuaﬁ” AT F I F 1k F%

2.35.1 [l1# &l *

H i & %F'%MCQSQFJ’TE IR ER pOEa s o dio 7 S5 5 ]
FOpT R ESR - 5 B ERES - SWISR() - I 4l Watchdog Reset » [5¢
[xCode RunawayfV'z “Kaa 1 _stext() EEAHEZE &g E#‘
2.3.5.2 PLL¥J [

PUE2.3.4.1 ~ 2.3.4.2%2.3 4 380HIH] - %Uﬁiéﬁr 2% (Phase Locked Loop,
PLL) ~ BORCERFY R IR 0% - 4 2 sl B9 Isas 555 Sl
rﬂﬁiﬁkﬂaﬁgw% * Self Clock Mode -

2.3.5.3 TIffPET I Ay K05 0

FUBS.1.3.4.98 AR %JL atchdog TlmerEJ’fJﬁFJ ﬁ“"??@*ﬂ/ o
2.3.5.4 Memory Map ControI(MMC)T?Ji!F’, [~

(2] [4)%2.1.3. 28 0 5] F%ig|\/|(:9512Dc;128;'f|/o register > RAM >
EEPROMFI15, F& fib gk
2.3.5.5 FIash/EEPROMEJJ:’i’fHW?QF[ [~

U52.3.4. 118V %JLFIash/EEPROME YErasing/ Programmlngﬁﬂjﬂ’f%
2.3.5.6 ATD?J;?F'[ [~

R [@F%EVM Board™: A/DfVE" | T %ﬂ’s»ff SRR AIDIEL > I A/DIE
#173-3](Conversion Sequence) =% £%1 » =" ffi*']10Bit ~ Non-FIFO Mode [14] -
T TRASE2.3.4. 108V HHR] - 2 [14] -
ﬁ%ij—ﬁl » [T MC9S12DG128. ATD Module@Power-Down?UPower-OnﬁE‘zyﬁ‘TZOUS
FVRR R Bl ﬁ* HO FURRAAAE F%”'{L_’ATD ModulefiPower-Onfi £ -
2.35.7 [FICEIF Ay A T

PU52.3.4 5 VA ffi ™ Modulus Down Counter £5 [ [ Time-Based Tasks7f
o B R ET200us - RERPIR R Y [10] -
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%L oo T B EEEE T T Background Logic.V fi] %ﬁj Ly Underflow Flag »
FIF J 7%= (Enable) Modulus Down Counterf| I
2.3.5.8 IC/OCHTH A F/hs 1

P2452.3.4. 109 V] - %JLTlmerﬂ e, £15.33us %4ﬁIC/OCT|merEJTH7§1F,
[FEE] - TR PP s R L 2 .
%L di o T B pERE ST 5E  Background Logic/ ) ﬁ%ii%ﬁ%ﬁ’ﬁj AYTimer
Interrupt Flag > F |5~} (Enable)""?gil JTimerf| 1o
2.3.5.9 fait! i/ Pln(Port Integration Module)¥ Jﬁ' [~

Fges Bk [19] AHLiH iuGeneral Purpose I/O(GPIO)%JLE*IWT T A
fl1 > PORT A~ PORT E » PORT MZ'PORT Hﬁﬂ%’?‘/Output Port > T'?“QF[—,— it B Low
Level - £ #51/0 PintiReset{ i %FWIF“SFF[ At ”T“?HI“FI £l J;"*ﬁ‘:‘]\ » &SI
;’I@EI o
2.35.10 RAMHF ;i

H i JHCS 125 FA “ﬁ? (3 7 Static RANVERE 10 = (e 4 & JIRLn bl (=
B IR 50
2.3.5.11 SCIFWFI [~

YRR RS232[F Sl > = MCOS12 D-Family[* [ 23 1513
FUATI(SCH) » 4 ¥ HFH[IRS2324TSCI0 - RS232f1VBaud Rate ! s{[== HiEPCHY |74
i 0 32 5[19231 bps o H ﬁ?% %E' 2HErR [11) -
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o

3?5‘§ﬁ

LED7- l'i{é_fE'JF%%

IRffe e A LEDROJ R - ERHI T B VB [ 4R 41 LEDTL
FPPOISE - U T S« B
PR 9t IS0 353 (54 [ RAL ol B0 00 T [ BT 2 St
FHEPPEI 4 2oy 1) LEDT §F 28 ~ PR {1 - K FELED it
WAL SRR EER R AT 2T T L T 0
e SRR 0 TR BT TR i
&2 (UL PR R (SR o [ R A
sk P ATRAET B FE R TR LT o T AT S O
i fi*%%ﬂ['??l%’%ﬁ(%;) S R AR %LEDFE#IHI R
N ATEGHTI G FTEIREER R ILELLED R 9HHT TG - i
MR (A R RLE [T O IR R R R ]
PSR T O SR R S B ISR R R
BT -
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5, >
u @
& c
: :
3 =
v 0
T 3
v 2
: E
2 3
forward voltage (Vf) forward current (If)
(a) (b)
[A13.1 LED gl 4 1

P LED [IogL AR 1% - [ (@)7 LEDR U ESEE o iy, - [f/(b): LEDYE:
W SPEEEIAE A Y o FHhe C(CRR) R I PN R RLE B
] -
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3.1 R

S0 | COTCO L4 = i #5120 % §6.0%5.0 WAERE SMT-LED 2 % 15&M]»
18 (AlGalnP&GaN) + H7(E| LED i -4<] il 3.2 F7. ~ RGB FrESH 64 3.3
T RS R R 30 T R A 32

o A [ [EE G OB

7%

Nt

‘R G B 2

A

5.020.1

21041

w PIN MAREK

iy

1.5+0.1

I

PIMN COMMECTIONS

GREEM {I}“—D'—“@ GREERM
RED (83— RED
BLUE Qo —«@ BLUE
M & anODE |
@ (€ & CATHODE Unitr me

B 3.2 N g
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f (mA)

If (mA) 1000 (
100.0 , 600 /
GREEN '
80.0 ~al / " j/
60.0 / \Y //‘
40.0 BLUE Lt 7 RED
20.0 ﬂ/ 200
00 ] VE(V) 0o 1 VI(V)
30 34 38 42 46 50 20 22 24 26 28 30
A Ul LR FORWARD CURRENT VS,
FORWARD VOLTAGE.
Eﬁ[' 3.3 RGB Vf-If flizst
% 3.1, LED PORE ST auli!
Absolute maximum
ltems Symbol Rating Unit
R G B
Forward Current 1 I 80 80 80 maA
Peak Forward ICurremt*2 Irp 200 100 100 mA
Reverse Voltage VR 5 5 5 \"
Power Dissipation Po 260 370 370 mwW
Operation Temperature Toor -40 ~ + 100 °C
Storage Temperature Tstg -40 ~ + 100 °C
Junction Temperature T 110 110 110 °C
Junction/ambient 1 chips on*’ Rin Ja 250 210 210 “C/IW
Junction/ambient 3 chips on*’ Rin JaA 500 300 300 “‘C/IW
Junction/solder point 1 chips on | Riyus 150 130 130 “‘C/IW
Junction/solder point 3 chips on | Riyus 150 160 160 “‘C/IW
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=

Values
Parameter Condition Symbol Unit
R G B
Wavelength at paak emission [F=50mA Mpeak 620 521 468 nm
Dominant wavelength [r=50mA Dgom 612-625 514-534 460~480 nm
Spectral bandwidth at 50% lrel max [;=50mA AR 24 38 28 nm
Viewing angle at 50% IV [=50mA 264 120 120 120 Deg.
Ve 25 4.0 4.0 v
Forward voltage [=50mA
Vemay) 3.2 46 46 v
Viny 710 710 180 med
Luminous Intensity [=50mA
Viayg) 1000 900 280 mced
Reverse current  (max.) Vga=bV Iz 10 10 10 LA

J*=LED i RGB VE-If {60 fuLp V" FEFRCe Bp R 5 o et ook o
FETEIFT 3.4~4.4V thﬂ?hp[ 20~80mA » 5 ﬁﬁ,@]’ R 0.00.7V ?ﬂ;upl 20~80mA »
[+ LED [O3iSHlast#5) it RGB B | 80mA £ HI> pl- 3 32 W
O T RN R SOmA R £ (RS 30V [
7”'“ P 612~625nm > SRR TR EFER SOmA [ ﬁ«ﬁ;@'ﬁ%@u 6V it

RO IR S14~534mm > SEERUE] R SOmA T £ B (RS 4.6V
' AT YL R 460~480nm ©

‘_m
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3.2 LEDJfi%[f#is

¥ LEDIi SRS (FTAS PR BT | 5T T 64FHLED | 5 1 ¥T £ FRE 4051
LED15[ 16:97 151 ETELAI-MCPCBIF3. 3477 3V - LEDEHSIHIFAUI™ i 2 HILED
Fl 1= FEIRE A £5 12 Amm T AT 3.4 1" Y SPIFSIR > PTRIBRERESRLE b SR IIRT FIT P
41+ BAFHLEDLE 9t | ET16.5V 405/ L ED15[H Jf I FEST1LLV -

0
I';'—D‘ll
4 .

4 6

Detoil &

=

M

g
T
=

s,
15
13
1]
1}

2
o
L
o
b
o

|
1]
1]
1]

.
on
S
v ]
i Y
(o
i .Y
(a1

s e e e
N O S

5#13.4 LEDEHSIH]IF L]



GE 2 felRLES ¢ T MBI1816 = <1 LEDERFYFREE[ 25 - H T HRICOTCO
7 FF’% ‘I‘%&?%ﬁ%aﬁ@ i #H 1] BB VLED=16.5V ~ 1Gout (48mA) IRout (30mA)
Ibout(24mA) = LED=ZLEDJ] 1-= []i£i £52.54cm » E #(EFLAYOUT PC Board FR4 - i’
FHIEI3.5 - [F13.6 ~ [AI3.77Fr 5] -

COTCO_LP6_1 COTCO_LP6_1 COTCO_LP6_1 COTCO_LP6_1
G G 9 G
10 ) RL_ A0 ks ks ks <L
R R R R .
20 Y R2 20 Lo g 5t 5—Kd 55—kl K2
B B B B
30 Y R3 L —Ki—s —Kl—s ki {3
ua U3 U2 u1
COTCO_LP6_1 COTCO_LP6_1 COTCO_LP6_1 COTCO_LP6_1
G G G G
40 Y RE A0 ks K K Cai
R < iR R R
50 3 RS w220 1o 1 e — s« ki {5
B B ’ B B )
60 Be MO L e - s L o——s <6.i
us ol v & s us
COTCO_LP6_i coTct!) lltpe" 1 . % ©OTCO_LP6_1 COTCO_LP6_1
iz “ - = =]
G G G G
70 A e B R e M iant i K7
R 5 B2 = R R
8o ke 20 e — - - Kt 5k (s
B f R T E— ram B B )
90 R9 H0_1e g —_— N ESE oK k= <o
u12 - UM U10 U9
COTCO_LP6_1 4 | "COTCO_LP6_1 © ¥coTco_LPe_1 COTCO_LP6_1
G TOch LY G G
100 RO A0 R Kt .- K10
R R R R
110 p—RIL A 220 1o g —kd skt s—kd a1
B B B B
120 M R12 110 1o 1 —K—s s—Kl —K—= K1z
u16 u1s5 u14 u13
COTCO_LP6_1 COTCO_LP6_1 COTCO_LP6_1 COTCO_LP6_1
BoNp—RIB A 10 L, g6, K kS K {13 i
R R R R .
1403 R e K1 5Kt 5K K14
B B B B
1503 RIS gap—110 1o 8. —k —K—= —<—= K15
u20 u19 u1s u17
COTCO_LP6_1 COTCO_LP6_1 COTCO_LP6_1 COTCO_LP6_1
160 B 0 Lty ks s o 16
R R R R
170 3 BT 220 s i < K Kt <17
B B B B
180 R18 0 1o 1i-s ks —Ki—s ks {18 i
u24 u23 u22 u21
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22 4SS b2 bbbt S 44504404 244405 5445544 32544804 #4440l
B -l -t
FEFFFE SRR P S SRR FFREFRREF [
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3.3 1504 LEDT|# féie
-LED%EF%“E J%drqﬁsﬂ% XJ: ﬁ’ﬁMCPCB[ﬁ[ 3.95 - -l E’".\ﬁﬂﬁlﬁ"?(l 7Tmm 1/0 oz Cu

hot air solder leveling for solder pad SIZE: 270*150mm”2) °

o 61 SN 85 207 BN 3.10 ~ [ 3.1157 -- The temperature of MCPCB will reach
60 oC and be stable -
o LED 734 34 V57 I 3.9 -

[fi' 3.8 15[ 16:9L EDF | A ASL P [
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Thermal couple Heat sink

plastic cover Al holder

(@) (b)
[ji! 3.9 15/ LED F A5 "] Sinl(a) 1 (b)F [

7624 7420

7700 7700

7550 7160

[f! 3.9 15[ LED F]5k A RIHIEN 9= 92 %
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Temperature

70

60-
50-
401
30-
201

10+

—=— Edge
—+— Center
Top

0 10 20 30 40

Time (min)
[ 3.10 15/ LED § SUAS(MCPUB)E 4 72 -

LED: 405, pitch: 12.5mm

LCD panel

| (~7.5% for NB)

] DBEF-D400

I | BEFIII X 1
| | Diffuser plate

|—||—||—||—||—||—||—||—||—||—||:|| LED

Reflector
R: 33mA; G: 50 mA; B:27 mA

[fi 3.11 15N LED 74 & Vi
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#3315 LED A A A

Items Values

Size 15 inch

LED type 3in1 SMD (15 Im/W)

# of LEDs 280 (CW)

Power 62W (—~282W for 327)

consumption

Color ~105% NTSC standard
saturation

Color 0.3 0.3

coordinate

Luminance | 500 nit (CW, after panel)
Thickness 20mm (not include heat sink)

Uniformity

~92%
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J

jTl:u[ﬁ/

LEDERFFEH

¥ Macroblock ** FJFUMBI1816 [a‘.”r—}—vjf LED FEgIICHF T “iﬁ@gﬁLEDgEﬁ

Tl A SR e OS3T 9 1 g R 1 > 1 MBI 1816y 1L e T P R

PRI (57 5 REFLEDs [ [V BRI [ - MBI1B16HLH [~ Ji:qlesi‘gﬁgwg%

dfi L U P LEDs St - i 1 Sl TR SmA S 60Ma Ut g e

Rext » AFifl I H I HILEDsA it & Pk i B ¥ i Ko e LED 1074 0%
21009632 19 HIOEJHHIEIL ke et Frriali 4L edf -

ouTo  OuUT1 QuUT14 0OUT15

R-EXT Qp——lo Regulator S

VDD
Thermal
@C |r 16 switches r Sensor

——

qa' 4.1 MBI118167 fFLLq%ﬂ
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Z. 4.1 MBI1816 1 #=

Pin Name Function

aND S;iund terminal for control logic and current

OUTO~0UT15 |Constant current output terminals

Qutput enable terminal

—_— When OE is active (low), the output pins
are enabled; when OE is inactive (high), all
output pins are turned OFF (blanked).

Terminal used to connect an external
R-EXT resistor (Req) for setting up output current for
all output channels

VDD 5V supply voltage terminal

Power dissipation terminals connected to

Thermal Pad GND*

[ 4.1 MBIL816 ) 4l 47~ ILEDRREACH = FUIN 2 4.1 LTI -JFICHYE]
if] > GNDER T £ 9 « OUTO~OUT15£L 4+ LED7 (£ fil FEFFErif ~ OELIPWM
agﬁﬁjw L R-EXTER /ﬁggq—{;”cisr@ [5”@ Dclsr@@gﬁgﬂm . VDDt'glcgﬁJ R
FEEs  Thermal Pad i 5 Sl = B98
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(SN

41 TR

B -

I15 :
i

427 MBI1816 7 2%
- MBI 167 | F i PWM

;LF::I'
YRS ]

¥IVLED AIVDDH %%‘Eﬁ%%ﬁ%ﬁ% o

gl

—gT

g HIVLED #IVDD5J Hf[I 55 (™|

5
1

g‘z
8

n
Licwo oD
Feaxt 2
gy LEDTT LEDIn REXT TF
A nen _"—3 oot QUTIS
"' k)] 4 G
LED2 LED#n 2o el LEDiSn
RY 5 |=— =—=|
I-\M—H— [ Y ] auTz  OUTi3
k] b ] 8 lom 15 Fd
. LEDH LEDn ele}  ClluiB LEG14n
R T | = -_— 14
"‘M_H_ Y SUTa aoT
' WY § | m— 13 ' d
g LEDH1 LEDn Bl Gt LEB13n
'W_H_ res _H 8 |5me outs| 12 __"_
Yu (. M o | MR e
LECE] LEDEn sl (EDG LEB12n
MBITES

+

LED11n

-

LED10n

LEDEn

o

[ 4.2 MBI1816 1 FEESHBTE
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e 100uF
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Fizat
-
LEDAm El _ﬂr
_H outo GdTis
Wy ]
LEDn ou_n aﬂ
=R ey T
v E
LEDn oors aune
H T | oOma Aot
e 8
o TIw Ao
S ouw GO
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o oUT?  OUTe
BBIEE

LEDn

[ 43 MBI1818 PWMi ]
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4.2 [HERTR

“LEDA V"] - MBILBLGHRH 25 ) P A ([ = SRR AIIHCE1C « )
PRI AR
1) Job T [ g B RRELRL | 70£3% » AT H [ ICShL | 4746% -
2) =9t - g R TR TERLL AU IRl 2 445 S
ROV (L il < 5 LEDR| RV {038 [ o 3 e (W 7L ED BE S [l e 7
(R LA s e

Vee(V)

/Al 4.4 VDS-lOUTNI5L
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. F%@E?J“H (i

[ﬁgj?mgiﬁaou'r)p Ll /ff p E, Rext o IOUTH! Rext[ ﬁﬁfd [
g qaﬂ4.5fﬁ—+
T I R S R R

VR-EXT =1.24V;

Rext = (VR-EXT/IOUT)x59=(1.24V/ IOUT)x59

IOUT=(VR-EXT/ Rext)x59=(1.24V/ Rext)x59 7t +6%:E3% i [ [#!
60

50 \

R

N
NN

b 1Ay

Rext (k)

[fi' 4.5 Rext-lout Il
o P EY(VLED)
MBIL8L6RLA A H 745 {4 VDS T L « VDSTIOUT - &z
&l LT R 5 ﬁﬁiﬂ PD(max) °
[f4.657 , VDS=VLED-VF, F[IVLEDRLA £ g1l i e lﬁivpivosﬁﬁfi;%?%ﬁfj'l’i
[UPEEREYfl, PD(act)[fs ™ fifl FEPD(max) °
VDS= (VLED-VF)-VDROP
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= = MBIN816

[pl 4.6 FIFV RS
Pkl & floutputiv i BERTol | (|47, 75 FTRIBIt skewfol (4T +-3%,4 =
T AR S, FI o ICE ICTHIp Rz R b el ) 25 fFﬁﬁElﬂ* Chip skewf! {Z47%
+-10%,H = foI f* [l [hT +-6% <

III:IIUT
Vi, Vi, Vi,

AT ¥
r

[ﬁ[4.7 Current SKew
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4.3 RGBREFVFFH
f0=1= {MBI1816 LED Driver 7 [ELED (R ~ G~ B)REEY L > I R
H VLED LI JILEDFUAARREIEES - G-EXT ~ R-EXT » B-EXTAI I =il
EI%’“J@{ " ECELEDR R o MLEDS AT Gout (48mA) IRout
(30mA) Ibout(24mA) > [l 4.7 ~ [l 4.85 1 FL I EEEZELAYOUT -

E A

VLED=16.5V

G-EXT=1.5K

R-EXT=2.4K

B-EXT=3K
IOUT=(VR-EXT/Rex)*59=(1.24V/Rext)*59+/-0.6%
IGout 0.048773333

IRout 0.030483333

IBout 0.024386667

RGB Current measurement
R1R2R3

30.3mA 30.42mA 30.36mA
G1G2G3

47.31mA 47.22mA 47.37TmA
B1 B2 B3

24.43mA 24.36mA 24.39
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(a) (b)

[ji' 4.8 (a)MBI1816 LAYOUT (b)#FLAYOUT
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T,
G
g

GH =R S RS

G ENALRL - (R (converter) T - A1 fgf S BB OO
' TR O P BB IR - DR AT
BRI P - PR R - e - gw@' R [
B PR B sl

’HfF

5.1 %Ef"l A R

R RS T I 2 B R T < R DRL SRR U E R
[ORECA T i RGB-LED F0 11 » SR 5 [ 117 0 e
7o P S SR IR A FAUCR ' v PR - | PR
TEH] EUfﬁ EI%ﬁfﬁj@’ﬁ‘ﬂ?}ﬂ\ﬁﬁﬁ‘@%ﬁ ) Eﬁii?’j_ﬁjﬁ?&'\ » W Rl Iﬂﬁkﬂq °

0 S I HIDID-S31-QT333 41 L » W0 & AL
N FRR A sk B R - —{ﬁ%?ﬂﬂa’xﬁ%ﬁ~ M5k = A7 =
(=" FLh e AR fﬁﬁﬁ%‘ﬁ’\ CMOS IC 5Bl = S = Ayl VR g =1 g
L RGB X A@b 4T > || VBOUT + VGOUT ! VROUT Ji jfj& %
5.1 B o lﬁﬁ«%ggf@w e 5V AT Sﬂ 5V = 3. 3V ?ﬁﬁé [EEERES

Mg As By B RV FEER | 5x5x2[mm #[FF{ QFN-16 q?ﬂ‘ S5.1» ﬁ%ﬂ[ 52> q?ﬂ' 5.3 B o
BRSSO S R PCB A 5.4 77«
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COLOR SENSOR

—— CAPACITOR
—B - COMNMNECTOR
= / / :

[ 325403 __' :.’/ +' | 35
o 11 e 1T Ut

18— -—

-2 +02

20 il e

1 5. 1R T

1.0 rrryerrom B e T —

0 : I |

]

i 5.2 BRI

= o —

A
P T T R |

[PTNT— Voo |
PIN 2 — GND |
PIN 3 — VEpuT]|
PIN 3 _VGoUT|

PING —VRout|

[ 5.3 7 ISR
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Ed M| Ril

(®

R N

O
o

E1 Gi

[f! 5.4 PCB layout

25| DR

:T\.

Pin Name Description
1 VDD5 5V.DC Supply
2 GND Ground
3 VBout Analog Output Voltage for Blue
4 VGour Analog Output Voltage for Green
5 VRour Analog Output Voltage for Red

[f! 5.5 1 FHDJD-S831-QT 333
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5.2 B R R

PR ROV RS [ o T RGBSR o ok T ARG
A g A FRIEMEAT A R LA TR A M 7 AR 1 LRLRGB
T T A TN 67T« TR VAT RGB
APELET A G R P RIS, 75 o

R J\""M‘»"E:S|'1:EI'|
||
— VOLTAGE
| REGULATOR CE] |
11
GND j _\_'Jl_\ Vg
| R :- ouT
VDD3 TR-%NSIT-'IPE'ANCEAMP
- A LLLES (10)
A
)
. RED GAIN
GSRED (1) —1 spiEcTioN i
pi-‘-
- CREEN GAIN I ransimeEDanceamp
GEGRN (1) — —
SELECTION " g8 (10
AR
_CF“_
- BLUE GAIN \‘Q
GSBLUE {0:1) |— e
SELECTION X VEqr
TRANSIMPEDANCE AMP
ﬂ%ﬁ[ 5.6 SENSOR IC i
10 | 0.03
GREEN
0 - 0025
BLUE \ s
/ o 002
E 06 =
= =
& / \ £ 1018
] =
w04 <
f RED S o
/ 1\ E
0.2} _\_\L \ 0.005
| o e st 0
Y50 200 350 500 560 500 80 700 780 a0 @ W & 8
WAVELENGTH (nm) Ta — OPERATING TEMPERATURE (°C)

[ 5.7 A RV B R -L e~ TA-VD
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5.3 WL PSRN
o [ 1fV:
B578-Bit PWMLA % COLOR SENSORFZVALH if -
oM
L = AR HE S [ R TS PWIMBRR A -
2. 53 PWMF Ik ¥ £ HI500Hz -
3. =EDuty 10 %~100% *
4, fj%@??ﬂﬁ%ﬁf&‘ﬁﬁﬁfi N f%@ﬁ‘ﬂ%ﬁfll °
5. AIF 1 Bl PWMEH SRS B8R 157 i?‘[rﬁ' °
6. 7J ffJ[J%JLDutyt 50%~100% > =’ fFJE\ EICOLOR SENSOR%%‘S.S%‘Z@?? J
Jp#5.2 ~ &53 ~ &5.4 £pF }?ﬁ_[r B RIS o Y155 ~ 5.6 ~ A5.7EL
HAMAMAT SUF =1 B F[i5 Heas e
o 1= UL
4 Y AIFHFR8-Bit PWM Module m =458 [17] - Duty Register s #ii[zH £0 ~
100- }H‘Duty 50% - Duty Register i ?’?950  Jif %2 Quantization Errori: & < 51" PWM
iR /Dutyp J |~ ESIEROTER,

<_| _— PWM
«4—— OUTPUT
1
5 2 EVM
\ \ 68HC12
COLOR SENSOR
i > » AD
L INPUT
2K Q /l 50nf
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static void Calculate_Temperature(void)

{
struct tab_temperature_struct {
int atod,;
int temperature;
float temperature_atod_ratio;
b

struct tab_temperature_struct tab_temperature[TAB_ TEMPERATURE_SIZE] = {

{968,0,-31.25},

{952,5,-26.3157894},
{933,10,-21.7391304},
{910,15,-19.2307692},
{884,20,-16.1290322},
{853,25,-14.7058823},
{819,30,-13.1578947},
{781,35,-12.1951219},
{740,40,-11.3636363},
{696,45,-11.1111111}%,
{651,50,-10.6382978},
{604,55,-10.8695652},
{558,60,-10.8695652},
{512,65,-11.1111111},
{467,70,-11.6279069},
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{424,75,-12.5},
{384,80,-13.1578947%,
{346,85,0}
+
inti;
if (CLT_AD > 968)
{
TEMPERATURE =0 ;
}
for (i=0; i<TAB_TEMPERATURE_SIZE; i++)
{
iIf(CLT_AD>=tab_temperature][i].atod)
{
TEMPERATURE = tab_temperature[i].temperature + (((CLT_AD
tab_temperature[i].atod) * tab_temperature[i}.temperature_atod_ratio) / 100);
break;
}
}
if (i== TAB_TEMPERATURE_SIZE)

{
TEMPERATURE=tab_temperature[TAB_TEMPERATURE_SIZE-1].temperature ;
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