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ABSTRACT

total) showing light animation patterns according to rhythms of music
The LEDs cube is made up from 125 LEDs arranged into 5 layers of 25 LEDs.
These LED are multiplexed so instead of requiring 125 connections, it requires only

30 connections, one to each of the 5 layers and 25 LEDs in a layer.
As for I/O, only 8 I/O lines are needed to control these LEDs using 14 pin PIC

16F688 microcontrollers to control on/off LEDs

For control LED Cube to show as a music using band pass ;‘itters separate bass and
treble frequency to control LED Each LED has two colors that it works with signals

from the microcontroller.

displays 3D LEDs or a 5x5x5 cube (125 LEDs
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1.1 arsndunnveslassnu
Tullagdulansnléfimsuszgndmaluladifeaiumasnla LED Tuluguuuusag i

dupuuey dmlavan waviumuasnu Mnmsinaggiamilasanuldilonidly
Annuiuieniliiedestusdasasifoatunesns LED Saldidaduidenanisasaydvln
vesgsiauasnanasiAgIiuaufmanvasn LED augfdnvlassnudsdimnuiuiiaz
vaealn LED indszgndldouvinduglunssdindondaia uazilewaunguuuudnumelal
pnusefifinslalutiagdu vazanunsosenuuulliuanwaeenudugustmienodnual
Snws Wunmadeulmnudanzdssmuntiteatrsguuuulmlg unsadiagnusey
ANUF
1.2 InnUseaA

o ialilagliusedumnusiaiinrunumsuansualnonisiadoulmeudemues

o leimungliusiunnusianguuuuineiifeglutiogiu

o iadunisAnuselevivesvasalyl LED Tnsnsuszensldiinanadhsdduasena

o efnwnmadeulusunsulilasaeulnsaaeslunisunanldaauau LED Cube

® iveasesUuuundninilnigiiinainvass LED siilenavenanisiasydula nns
NAIUINIPIULEIEUSZAURN LA

1.3 YBULYAYDILATINY

aniildadreglu LED Andendniavunn 5x5x5 faussnausandiuassasuardiuves
ldsunsuamupugUuumsuansiil Wsunsuuaueglugy HEX g Tnedrudunmuazioivn
(1/0) 14 8 1/0 wirthulemauguiadu LED 1inen 14 vwaslulaspeulnsaiaes PIC 16F688 7
Isumslusunsuitemuaumstaidn LED TutSyadnusiinhgindndnluviniseenuuunis
muguMskanskaanideanadaelinesiuumaiamesuondygadossiuasgaiatan
Uszgndnunisuanimavemasnlwassdifielineuaussdanuiiaesnnuidangn
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1.4 wafinndnaglasu
1. dhussgndiielinuiiooanuuug i Taulwiluussfunusueims
2. annsathluldnuldesineluiivnefouasiuduaziuomsitidsanadlunis
ANUASIAE91Y
3. awiuasinueiiAndutuddeiilasenis fanannisufofeu
4. lesuanuilunsfnwinisineuvestulasroulnsamesuasnsifeulusunsy
5. Wuduwuulunmswaunyselovives LED warlilasneulnsamessaly

1.5 15983190093y tinus

Ui inusatuiaylsinauatis yquiimnuiiuguiiiedes mseenuuuats
Wa¥AIUANNITINGIUYRY LED Cube 5x5x5 Inglinismunnainlulasaeulnsamesuazeaiu
2sPuURmMasn LED Widn1smevuauesmuidesnas Tasndaduunsneg fail

unil 1. unth

unil 2. nuienuiiifeades

Uil 3. MspBNLULLAENSUsENaUY

UNTl 4. NMTNARBILAYNANITNAAEY

unil 5. agUiaginsainanismaang



Al LED 3 fifiusenauideawasl 3

unfl 2
= val o Py,
Vlﬂ?é{] LATAITHINENE IV
Y

2.1 jUuuuvesgiv LED 3 fifiusznauideinag

vl LEDs 3 fifnsegugnuiad Sx5x5 (531 125 LED) Ef'aul,mmmaﬁauﬁaﬁ’mﬁw
manuﬂumummu ﬁawumvw 125 mﬁwamaum% 30 Msdeuseuny Wufe 1 M3
dousiodmudu LEDs i 5 waw 25 mimamaivmw 25 LEDs Tuusiaziu

dviuddunnuaziominn(/0) 14 8 1/0 Lmuumamwum% LED (STP16DPO5)
11 14 vwedlalasroulnsaaes PIC 16F688 filssunistusunsuiiearuaunisdnide
LED Widulumusuuuuveanas Tulasmeulvsamesiddyganniininelu 8 MHz wee
A1 4K A1

dwsudhumunu LED Cube Wlviuansnaniudsanadldasasuuumaiiamesien
mmf’iLﬁmﬁmaxLmamLﬁaﬁﬂﬂ@ulmmaxmﬁqa‘]maasﬂaa?ﬂﬂaﬁw’miwﬁuﬁmmmmn

lulpsmoulnsaiaos
2.2 NMMYBHLYNUR (Assembly Language)

awueauenud [Wumwitlddydnvalunmsdenmmune nwueausauas
dnwaugddiituiuieies reuimeinidruariimsuaddlifunuiaias uonan
AWUATEY UAENYIUBAUBNUTUE? flafinwnsesiuge 19y Basic Cobol FORTRANG U
nw TifimdslndiAsstunimsnguinn MligSoulusunsy aunsadoulusunsals
AzAINLATIIALTILAT IUiLLmﬁuﬁL"’Uﬂuﬁ’JEmﬂw’ﬁsﬁuqqﬁmiﬁﬁaﬁLﬁusiumhammﬁﬂﬁflu
Suuanndnviaineuldian mMwusaugsuEFunwssugedaifoshanUssndld
flumsvianu Aissuunsmuny flanuddyann Mvieaueuud mneiulusunsuild
eiflumieaustlaiznnin Kohouldnadauay Tumsmuau msvhauveuaTes
ABNNILADI ALABATY

2.2.1 NMIAIUANEIULERSNA LED Cube

35 Data lookup table tfiedu LED cube Aaginurudeyaiidiaants mieyailgn
packed ud ¢iasld 16 bytes iieshuan uzuns cube 1(125/8=15.625) 1ilasa1n 16F688
PIC Sineaudlusunsuiies 4K words wagswandnlduseun 1455 a1 vinliude
Uszana 2600 Admiudeyanisns wiellfinsdmivanuug cube fiauysnl 168 faftay
dulilumheanusild Sedumnsidosnsuansinin “PROJECTKMITL” Thadouannuds
Ufuntihwes cube & szdold 16 bytesxs frames dafidnwsX 11 Mshus= 880 bytes
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Huiitaiaundainis table lookup Sulaildliswheslsunnineudiay ludifiing
Wsunsulumbeanudi diewityuni 15aauan cube Taeldinwdnds macro fruan
virtual drawing processor Tngltswaildouseds macro e wualiiu cube drawing
processor WilnsuanswauReaniuly 60 byte.

idsadrstulagld assembler Macros, ﬁaaLwaﬁﬁwﬁa mnemonics éﬁu’q&iwlﬂmﬂﬂdu
F&3 PIC uay MPASM assembler reserved words. fdsde Macro wazde register (Ju

o s

fonwsinguazuanasiudmsuisnesinguarimdnusidndae fds Macro gnulad
\Jueds retlw PIC assembler 1 via 2 U a7 assembly o fds PIC LED cube ¥
nseundumudeyansn sxnensviadidiny bit-fields uasi3enuiinfives assembler
\esdunisnisviauves drawing processor fifioanas

Drawing Processor uuumaﬂ‘u 72 Fda 8 registers uag 33 level user stack. Ny
maauﬂmaﬂ‘u PIC assembler LLa"Li’W}E}@ﬁJﬂ’J’laJ’iLﬂEl')ﬂUIU‘ELLﬂ‘ﬁJﬂTI:}’I PIC assembly e
Microchip MPASM/MPLAB IDE mnis1dain1siisusiiuuyedisnies weNIINTIMIAIY
\ilan1svienu postfix stack Iududediane

ioaannsta DP Hua$1eann MPASM macros wagauasienis assembled fusiia
TUsunsy PIC fivdeay flésu MPASM Undfistuiugduuudmsuiunld dedesnisideu

Sadmsu DP

'
o o

dmiulassauiinds Voxel Aoddsiinauau LED unazvasanislu cube fisumis
UUAMNUALABAILALY X, v WY Z

- Registers

DP i 8 register dmsulagunfaedl 4 register wavdmSunuuiawiaziisnan 4
register Y% register avumiunine 8 bits wavannsaduailutag 0-255 aehslsfnu
dsiildannaely function registers fiuw SuﬂwmdﬁﬁwL‘ma"]ﬁ%ag”lwzmﬁt.Laﬂﬂ,umﬁ’m
fuans Auenmievsrfuansenadunaliausavenmsynauvassiald

Register name Functlon Range

RO ~ Genenlpuposeregster oz
Rl lenenl purpose regiter oz

:RZ . General purpose register - . 6—255

"R3 : Genera[ purpose register ' . FZZ; o
RHOLD |Hold time value for SHOW command (x 10mS) 1191 {elssidn
EX‘ I A X co-ordinate for voxﬁel-;éd drawing functions - : 0-4

RY T ¥ coordinste for voxel and drawing functions Y

RZ |Z co-ordinate for voxel and drawing functions 04
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-Timer
il user timer LRgINTUNAT preloaded asauds 0 Tunian 1 Juw
- Stacks

DP 41 2 stacks M@ user stack Waw return address stack. Return address stack
\fiu return address #W¥uds Jump to Subroutine (JSR) wazliaunsainddaomssld
dau user stack Tl 33 sedU uazannsnthalgiie push/pull user register a9 1o
usnanigldnunadnmansuazassnaeans Tnaifudmariifediu stack uda
sufluns naargnilanduluds stack & aeusihe §l4 stack DUP, DROP, SWAP, OVER uaz
ROT dufindusie

- Flags

o Fcarry-Set mn carry Antusewihaduddiey ausennlaill borrow 1Ry
FEMINNITAY (WUREIUNI59I9 U989 underlying PIC)

» Fzero-Set mﬂwalﬂuﬂuﬁ Fzero flage %Qﬂauaaﬂmﬂwa‘lmﬂuﬁué Fzero flage 9%
QﬂLLfﬂ?JImEJFT’lﬁbﬂ TSTVOX, CMP, Timer way external switch

- Instruction Set (nFuATH4)

r - register name

k - literal, constant data or label

Mnemonic Description Flags | Register
NOOP No operaticn
MSET Maodify operations will set voxel to on
MCLR Modify operations will set voxel to off
MINV Modify operations will invert current voxel value
SETALL Turn on all voxels in cube (independant of MSET,
MCLR and MINV instructions)
CLRALL Turn off all voxels in cube (independant of MSET,
MCLR and MINV instructions)
INVALL Invert all voxels in cube (independant of MSET,
MCLR and MINV instructions)
SHOW Transfer drawing buffer to display and load value
in RHOLD register into hold timer
VOX kk,k Load RX, RY, RZ and modify voxel [0 <=k<=4 RX,RY,RZ
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VOXM Modify voxel at current RX, RY, RZ co-ordinates
TSTVOX Test voxel at current RX, RY, RZ co-ordinates. Fzero
Fzero clear if voxel on : Fzero set if voxel off
CHYR r Draw ASCII character specified in register r in the Y
(vertical) plane
CHZR r Draw ASCII character specified in register r in the
Z (horizontal) plane
CHY k Draw ASCIl character value k in the Y (vertical)
plane [32 <=k <= 95]
CHZ k Draw ASCII character value k in the Z (horizontal)
plane [32 <= k <= 95]
LINE kk,k.k Modify a line of voxels, specify x inc, v inc, z inc, RX,RY,RZ
length
LINEX Modify line of voxels across the whole X axis,
located at RY,RZ
LINEY Modify line of voxels across the whole Y axis,
located at RX,RZ
LINEZ Modify line of voxels across the whole Z axis,
located at RX,RY
PLANEX Modify all voxels in the YZ plane, located in the
X-axis at RX
PLANEY Madify all voxels in the XZ plane, located in the
Y-axis at RY
PLANEZ Modify all voxels in the XY plane, located in the
Z-axis at RZ
ROTATEX Rotate entire cube along a line at y=2, z=2 in the
X-axis
SHXL Shift entire drawing buffer left one voxel.
SHXR Shift entire drawing buffer right one voxel.
SHYU Shift entire drawing buffer up one voxel
SHYD Shift entire drawing buffer down one voxel
SHZF Shift entire drawing buffer forward one voxel
SHZB Shift entire drawing buffer back one voxel
DECX Decrement RX register, modulo 5 Fzero | RX
DECY Decrement RY register, modulo 5 Fzero | RY
DECZ Decrement RZ register, modulo 5 Fzero | RZ
INCX Increment RX register, modulo 5 Fzero | RX
INCY Increment RY register, modulo 5 Fzero | RY
INCZ Increment RZ register, modulo 5 Fzero | RZ
DECRr Decrement register, modulo 256 Fzero | r
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DECRSZ r Decrement register, modulo 256, Skip next r
instruction if result is zero

INCR r Increment register, modulo 256 Fzero | r

INCRSZ r Increment register, modulo 256, Skip next r
instruction if result is zero

PUSHR r Push register contents onto top of stack

PULLR r Pull top of stack and place contents into register r

PUSHXYZ Push registers RX, RY, RZ on to stack

PULLXYZ Pull registers RX, RY, RZ from stack RX,RY,RZ

DROP Pull entry from top of stack and discard it (a-)

SWAP Swap top two entries on stack. (ab-ba)

Dup Duplicate entry on top of stack. ab-—-aab)

OVER Operates on the stack: (ab--aba)

ROT Operates on the stack: (abc-—-bca)

TSTZ Test value on top of stack and condition Fzero Fzero
flag (a - a):a==0 Fzero set, a |= 0 Fzero clear

ADD pulls two values from the stack, adds them Fzero
together and pushes result back onto stack Fcarry

SUB pulls two values from the stack, subtracts them Fzero
and pushes result back onto stack Fcarry
order is (TopOfStack-1) - (TopOfStack) ->
TopOfStack

AND pulls two values from the stack, performs a Fzero

bitwise 'AND' result is pushed back onto stack

OR pulls two values from the stack, performs a Fzero
bitwise 'OR' result is pushed back onto stack

XOR pulls two values from the stack, performs a Fzero
bitwise 'XOR' result is pushed back onto stack

NOT pull value from top of stack, perform bitwise Fzero
'NOT' operation on byte and push result back on
to stack

CMP 1, k Compare register contents with k. If contents of r | Fzero
== k then Fzero Set, else Fzero Cleared.

LDXYZ k,kk Load RX,RY,RZ [0<=k<=4] (seealso RX,RY,RZ
VOX k.kk)

LDR r.k Load register with value k [0 <= k <= 255 ] r

LDRAND r,k Load register with random number in the range [ r

0 <= Random Number < k]

LDTMR k Load timer with period in seconds [1 <= k <= 255
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ADDTRND k Add random number in the range [ 0 <= Random
Number < k ] to contents of Timer

SKIPZ Skip next instruction if Fzero flag is set

SKIPNZ Skip next instruction if Fzero flag is clear

SKIPC Skip next instruction if Fcarry flag is set

SKIPNC Skip next instruction if Fcarry flag is clear

SKIPTOUT Skip next instruction if Timer ==

JUMP k Jump to program address k

JSR k Jump to subroutine at address k

RET Return from subroutine

RANDSEED Seed random number generator with non-zero
value from TMRO

SYNCEXT k Wait for a falling edge on SW1 input before Fzero
continuing program execution or timer out

TSTSW Test SW1 input. Set Fzero flag if switch active Fzero
(pressed), Clear Fzero flag if switch not active

- SHOW

ﬁné’ammgﬂv}%wmﬁmuuu drawing buffer ¥l LED cube uanssigaztdunves
display buffer iiiadsu drawing buffer g display buffer \esldrds SHOW lold
#ds show ¢3alsi hold delay rounthilia§adu windeinauey panniudaen flag
#a1u buffer wayse display driver finaan drawing buffer 1lu display buffer wagans
transfer flag mauiiAly RHOLD Qﬂﬁw\i’lulﬂéﬁ hold time Wa¥ instruction exits, RHOLD
timer ABATUT® X10mMS 11N RHOLD fle 0 buffer ﬁﬂ]zgﬂdaﬂ’luﬁ cube display refresh
saly

£y

AdetlagNuNs¥inauvedluswnsy agldsudusaluaunssyis hold timer wuaE"
a4 Uag interrupt display driver ladarulugs buffer dudn

- SYMCEXT

AN sync NEUDNAETBIUNTLNVBUAIURIBUNY S1 Wil viseuunaaINeY
Aiiulusunsusialy

vnen timeout gnasAndu 0 Adsarseldliififmun qundivevaszaniisiou
aitiunislageely wnan timeout gnAtAIsENIng 1 uag 255 MAREIEIUNTEINTITTY
Yauaslavsan timer
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Al SHXL, SHXR, SHYU, SHYD, SHZF, SHZB

&3 SHXL, SHXR, SHYU, SHYD, SHZF, SHZB dwiduth drawing buffer one voxel
\ing direction specified voxels ivautdnaves shift Tuazgnans(@erndu off)

A SHYU 4
Shift down: SHZB
Before After
SHXL i‘
Oaaaanaan Qetl &0 O ; SHXR
8 0006 0Oanoanld -~
aoaoo ¥ aonooa SH
oo0oaoo0an 0oaoaon YSHYD
a6 000a B 00086
—

Uil 2.1 fothanaveasdnds SHXL, SHXR, SHYU, SHYD, SHZF, SHZB

call

- LINE x_inc, y_inc, z_inc, length

dsilduflo line vas voxels
" . " a0 V& =4
e x.nc,y inc @z z_inc arsadalndu -1, 0 wse 1
o asuveaduAortagiulu RX, RY, RZ
o WAWINUALY voxel 7 RX, RY, RZ ua3
RX'=RX+x_inc: RY =RY +y inc: RZ=RZ + z_inc : Length = Length -1

WNGIIUNTZIY Length == 0

' o

[
o af = o & ¥ a

o A" Line 9¢79A1 RX, RY uay RZ Wiilugedugadmsuiduil Timdaduiinnuun

Noulvaiisnanngauarevenduneuniing
o MTYIN9U LARL/AA VU registers MD modulo 5 AatiuNTISanaE roll Aua1saIn 0
nauluds 4 uaznsifiu rolls over



MSET
LDXYZ 0.0,0
LINE1, 1,1, 5

plots 2 line through the following voxels

RX RY RZ
2 2 2
1 1 1
2 2 2
3 3 2
4 4 4
MSET

LDXYZ 2,2,2

LINE -1, 0, 1, 4

plots 2 line through the following voxels

RX RY RZ
2 2 2
T 2@ 3
0 2 4

4 2 0 <-roliover
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MSET
LDXYZ 0.4,2
LINEO, -1, 1, 2

plots = line through the folloving vexels

RX RY
]

w ot ﬁ

W

MSET
LDXYZ 0,0,0
LINEO, 0, 1, 5

plots a line through the folloving voxels

RY

UOUC’U§
I‘-IUI‘J—AQE

o O o o o

g‘dﬁ 2.2 §79819Ad9 LINE x_inc, vy inc, z_inc, length

- LINEX, LINEY, LINEZ
Fdamaniing length line Wumaunuwiisly drawing buffer
Voxels IULﬁUR]zQﬂﬁgﬂFh 8749 %38 inverted ﬁﬂﬂiﬂﬂﬂﬂ%?ﬁuﬁﬁg\iﬁﬂﬂﬂﬁﬂﬁbﬂ MCLR, MSET
w38 MINV d1g@
o fhdan 3 ienlfiEindndds LINELINEX
agffiszunu Y-z laweh RY uag RZ tagiiu

o LINEY
agfisyunu X-Y lagdl RX way RZ Yaguu
e LINEZ

agfiszuu X-Y lawen RX wag RY Uagiy

-PLANEX, PLANEY, PLANEZ
Fds PLANE iifiussunuimuely drawing buffer
Voxels Tussunuasgniar & e inverted aalvuntlagiiuiidelasnds MCLR, MSET
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3.1 Software Flowcharts,Full Flowcharts & schematics

Start

( Configure register ]

A4

[ Drawing processor }

Animation 1

5U# 3.1.1 Software Flowcharts
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N159DALUY
3.1.1 MedAdsnsulnsaaasiilsuntunuasnl LED

-Configure register

list p=161688
#include <P16F688.inc>

__CONFIG _CP_OFF & CPD OFF & BOD ON &
_PWRTE_ON & WDT_OFF & INTRC OSC NOCLKOUT
& MCLRE_ON & FCMEN OFF & IESO_OFF

- Drawing processor

RUN.IN.SEQUENCE
JSR  PROJECTS4C
RUN.IN.SEQ.LOOP

JSR < HELIX

JSR  WAVEX
JSR  WAVEY
JSR  WAVEZ

JUMP RUN.IN.SEQ.LOOP

RUN.IN.SEQUENCE
JSR  PROJECTS4C
RUN.IN.SEQ.LOOP

JSR HELIX

JSR WAVEX
JSR  WAVEY
JSR  WAVEZ

JUMP RUN.IN.SEQ.LOOP




-PROJECTS text animation
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PROJECTS4C
LDR RZ .4
MSET
LDR RO, P!
JSR WRITE
LDR RO, 'R’
JSR WRITE
LDR RO, 'O
JSR WRITE
LDR RO, 'J'
JSR WRITE
LDR ROQE'
JSR WRITE
LDR RO, 'C'

-WAVES (Animation 2-4)

WAVEX JSR  WAVE.setup

JUMP WAVEX.loop
WAVEY JSR  WAVE.setup

JUMP WAVEY .loop
WAVEZ JSR WAVE.setup

JUMP WAVEZ.loop
WAVE.setup CLRALL

MSET

LDRAND RHOLD,8

PUSHR RHOLD

LDR RHOLD,8

PUSHR RHOLD

ADD

PULLR RHOLD

LDXYZ02.0

LDR RO,1

LDTMR 4

ADDTRND 6

RET




-WAVEX.loop
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WAVEX.loop
LINEZ
SHOW
SHXR
PUSHR RO
PUSHR RY
ADD
PULJRC R
CMP RY 4
SKIPNZ
LDR RO,-1
CMP RY,0
SKIPNZ
LDR RO,1
SKIPTOUT

JUMP WAVEX.loop

RET

-WAVEXY.loop

WAVEY .loop
LINEX
SHOW
SHZB
PUSHR RO
PUSHR RY
ADD
PULLR RY
CMP RY 4
SKIPNZ
LDR RO,-1
CMP RY,0
SKIPNZ
LDR RO,1
SKIPTOUT

JUMP WAVEY .loop




-WAVEXZ.loop
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WAVEZ.loop
LINEY
SHOW
SHZB

PUSHR RO
PUSHR RX
ADD
PULLR RX
CMP RX 4
SKIPNZ
LDR RO,-1
CMP RX,0
SKIPNZ
LDR RO,1
SKIPTOUT
JUMP WAVEZ.loop
RET

-Char.base

EX:A4a% 4

4
retlw
retlw
retlw
retlw
retlw

b'00110'
b'01010"
b'11111"
b'00010'
b'00010'

EX:A29n1s 67 K

K
retlw
retlw
retlw
retlw
retlw

b'10011"
b'10100'
b'11000'
b'10100'
b'10011"
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3.2 SIUADYANITODNUUUDGDS
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1 Tu sUuuY emitter follower Arardniuueluaves LED Luaaﬁytyﬂmmmwmmu%’u
LED #imenndasiuain PIC fdraedndu “hish”  wsessulwihwavemsiudamesiazan

Ry
[

T +5V  waruswulindisanmesasiiddinindussfuaiusyana 07 Thad
nuaimaifildfe D667 NPN transistors iwsedian IC rating 110n31 1 Amp.

uAlNAvas LEDs ey IC2 uaw IC3 (STP16DPOSIRsAesadunsEuansit 16 bit
wazhatulniasues STP16DPOS samnseua LED Tngld@adumau 1 saseidhiu RSET
input 181 IC (21 23) fFumuAl 1K8(R1 war R2) waAnszua LED T3iUszann 33 mA
anunsolAsuiedeuauassnensyualiun LEDs I8
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immvasiatunsaualc2/c3)  dugnmvuaulnedaya LED  #lnasidrulag
microcontroller PIC #adu ICs ariiusasfusznaudae shift register WAz output latch
98198¢% 16 ¥2  PIC 9811 LED data 1 Um lﬂaaauwwauﬂimm IC2(SIN) a9 PIC W
aswwaauuauwwaq 494 CLOCK 981 IC driver sadas Lwaawamawﬂﬂ driver ICs ¥4
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AR LED ULk Mimaeyianus UnIuasnnaaudnas
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3.4 ¥aAUAN LED Tinauauanuideanas
%ﬂ{hwmuuw'1a‘?\lama%LLEJnmmﬁaamwsﬁmwmﬁUaﬁmazgjaﬁa
100 Hz waz 10 KHz winhuidnimmuversuaziluauaueetuendfiunan
lulasmoulnsameslveeuneudvhaunselivhauieduaindiinosUndanaon LED 19
mudsanaciues Jeiazddaiusunelulasneulvsameiimunliog

3.4.1 WUUNIENAADSHENATUDRN

[> +00Hz

Y
%[]3
~3
;
=5

JUN 3.13 wuuwraiawasuenanunainiy

1435AmmuLUY Low pass filter uag High pass filter Mauiy
-89 Low pass 9=8 R3 uaz C2

1
L2 =R—C=Wc

PNMsIMUAANLEEeeNUsELIY 1000 Hz fviundd C2 iy
0.047uf agleiAn R3 Useunad 3300 Ohm
-7 High pass @il R5 uay C3
TfaunisnisAnuuULREuiY Low Pass
MNNIAMUAAUEAeeNUsELIY 10 Hz fvunan C3 wihiu
0.047uf agleirn RS Uszua 330 K-Ohm
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3.4.2 Ll,uuwlﬂ%maﬁwnﬂfrmﬁga

JUN 3.14 wuumaiainesueneuigaNIL
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1
@ =E=Wc
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560pf azleiA R7 Useunny 330 K-Ohm

> 10kHz
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una 4

N1INAABILLASHNANTIINA AR
-output of band pass filter 100 Hz

Decibels (dB)

250 500

Frequency (Hz)

ANl 4.1 output of band pass filter 100 Hz

-NN3LEAINAYRIaan LED Low pass frequency

L 1 § iR ‘ e
AW 4.2 MIUEAINAYBINADA LED Low pass frequency
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-output of band pass filter 10KHz

0-

Decibels (dB)

250 500
Frequency (Hz)
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-NISLEANNINAYRINAN LED High pass Frequency

AN 4.8 MSUARINETEIAER LED High pass frequency
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Datasheet
- STP16DP05

Features

Low voltage power supply down to 3 V
16 constant current output channels

Adjustable output current through external
resistor

Short and open output error detection
Serial data IN/Parallel data OUT

3.3 V micro driver-able

Qutput current: 5-100 mA

30 MHz clock frequency

Available in high thermal efficiency TSSOP
exposed pad

m ESD protection 2.5 kV HBM, 200 V MM

Description

The STP16DP05 is a monoalithic, low voltage, low
current power 16-bit shift register designed for
LED panel displays. The device contains a 16-bit
serial-in, parallel-out shift register that feeds a
16-bit D-type storage register. In the output stage,
sixteen regulated current sources were designed
to provide 5-100 mA constant current to drive the
LEDs.

The STP16DPO05 features open and short LED
detections on the outputs.The STP16DP05 is
backward compatible with STP16C/L596.The
detection circuit checks 3 different conditions that
can occur on the output line: short to GND, short
to Vg or open line.
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QSOP-24 S0-24
\ﬂ
TSSOP24 TSSOP24

(exposed pad)

The data detection results are loaded in the shift
register and shifted out via the serial line output.

The detection functionality is implemented without
increasing the pin count number, through a
secondary function of the output enable and latch
pin (DM1 and DM2 respectively), a dedicated
logic sequence allows the device to enter or leave
from detection mode. Through an external
resistor, users can adjust the STP16DP05 output
current, controlling in this way the light intensity of
LEDs, in addition, user can adjust LED’s
brightness intensity from 0% to 100% via OE/DM2
pin.

The STP16DP05 guarantees a 20 V output
driving capability, allowing users to connect more
LEDs in series. The high clock frequency,

30 MHz, makes the device suitable for high data
rate transmission. The 3.3 V voltage supply is well
useful for applications that interface any 3.3V
micro. Compared with a standard TSSOP
package, the TSSOP exposed pad increases heat
dissipation capability by a 2.5 factor.

Table 1. Device summary
Order codes Package Packaging
STP16DPOSMTR S0-24 (tape and reel) 1000 parts per reel
STP16DPO5TTR TSSOP24 (tape and reel) 2500 parts per reel
STP16DPOSXTTR TSS?:;:;:E?::S ped 2500 parts per reel
STP16DPOSPTR QSOP-24 2500 parts per reel
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-25D667

2SD667,2SD667A

Absolute Maximum Ratings (Ta= 25°C)

Item Symbol 2SD667 2SD667A Unit
Collector to base voltage Vs 120 120 Y
Collector to emitter voltage Vs 80 100 \Y
Emitter to base voltage Vess 5 5 vV
Collector current I 1 1 A
Collector peak current it odaed 2 2 A
Collector power dissipation B 0.9 0.9 w
Junction temperature Tj 150 150 “C
Storage temperature Tstg -55to +150 -50to +150 °C

Electrical Characteristics (Ta = 25°C)

2SD667 25D667A

ltem Symbol Min Typ Max Min Typ Max Unit Testconditions
Collector to base Verecse 120 — — 120 — — Vv l=10pA =0
breakdown voltage
Collector to emitter Varigeo 288 /&= — 100 — — Vv ls =1 mMA, Rge =00
breakdown voltage
Emitter to base Vier s |1 — — 5 — — V le=10 pA, I.=0
breakdown voltage
Collector cutoff current  I.gq - - 10 — — 10 HA V=100V, =0
DC current transfer ratio heg,*' 60« — 320 60 —_ 200 Ve =5V,

Iz =150 mA*?

ey 30 — — 30 — —_ Ve =56V,

|, =500 mA*?
Collector to emitter Vo o - 1 - e 1 Vv I =500 mA,
saturation voltage Iy = 50 mA*
Base to emitter voltage Vg — — he™ | = — 15 V Ve =5V,

I, = 150 mA*?
Gain bandwidth product f; — 140 — —_ 140 — MHz V=5V,

l. =150 mA**
Collector output Cob —- 12 e — 12 - pF V=10V, =0,
capacitance f=1MHz
Notes: 1. The 2SD667 and 2SDB67A are grouped by h., as follows.

2. Pulse test
B Cc D

28D667 60 to 120 100t0 200 160 to 320
28DB67A 60 to 120 100 to 200




-PIC16F688

High-Performance RISC CPU:

« Only 35 instructions to learn:
- All single-cycle instructions except branches
« Operating speed:
- DC - 20 MHz oscillator/clock input
- DC - 200 ns instruction cycle
+ Interrupt capability
+ 8-level deep hardware stack
+ Direct, Indirect and Relative Addressing modes

Special Microcontroller Features:

» Precision Internal Oscillator:
- Factory calibrated to +1%
- Software selectable frequency range of
8 MHz to 125 kHz
- Software tunable
- Two-Speed Start-Up mode
- Crystal fail detect for critical applications
- Clock mode switching during operation for
power savings
+ Power-Saving Sleep mode
* Wide operating voltage range (2.0V-5.5V)
+ Industrial and Extended temperature range
+ Power-on Reset (POR)
+ Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)
« Brown-out Reset (BOR) with software control
option
Enhanced Low-Current Watchdog Timer (WDT)
with on-chip oscillator (software selectable nomi-
nal 268 seconds with full prescaler) with software
enable
* Multiplexed Master Clear with weak pull-up or
input only pin
* Programmable code protection
+ High-Endurance Flash/EEPROM cell:
- 100,000 write Flash endurance
- 1,000,000 write EEPROM endurance
- Flash/Data EEPROM retention: > 40 years
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Low-Power Features:

« Standby Current:
- 50 nA @ 2.0V, typical
+ Operating Current:
- 1M uA @ 32 kHz, 2.0V, typical
- 220 UA @ 4 MHz, 2.0V, typical
« Watchdog Timer Current:
- 1uA @ 2.0V, typical

Peripheral Features:

+ 12 1/O pins with individual direction control:
- High-current source/sink for direct LED drive
- Interrupt-on-change pin
- Individually programmable weak pull-ups
- Ultra Low-Power Wake-up
« Analog Comparator module with:
- Two analog comparators
- Programmable On-chip Voltage Reference
(CVREF) module (% of Vop)
- Comparator inputs and outputs externally
accessible
« A/D Converter:
- 10-bit resolution and 8 channels
« TimerQ: 8-bit timer/counter with 8-bit
programmable prescaler
Enhanced Timer1:
- 16-bit timer/counter with prescaler
- External Timer1 Gate (count enable)
- Option to use OSC1 and OSC2 in LP mode as
Timer1 oscillator if INTOSC mode selected
* Enhanced USART Module:
- Supports RS-485, RS-232, and LIN 1.2
- Auto-Baud Detect
- Auto-wake-up on Start bit
In-Circuit Serial Programming™ (ICSP ™) via two
pins
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-RC4558
www.ti.com SLOS073F —MARCH *@76-REVISED SEFTEMEER 2010
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIER
Check for Samples: RC4558
FEATURES

D, DGK, F, PS, OR PW PACKAGE
(TOP VIEW)

« Continuous Short-Circuit Protection
+  Wide Common-Mode and Differential Voltage

Ranges 10UT ] Vee+
» No Frequency Compensation Required 1IN-]] 20UT
« Low Power Consumption 1IN+ ] 2IN-

2IN+

« No Latch-Up

» Unity-Gain Bandwidth . . . 3 MHz Typ

+ Gain and Phase Match Between Amplifiers
» Low Noise ... 8 nV/vHz Typ at 1 kHz

DESCRIPTION/ORDERING INFORMATION

The RC4558 device is a dual general-purpose operational amplifier, with each half electrically similar to the
uAT741, except that offset null capability is not provided.

The high common-mode input voltage range and the absence of latch-up make this amplifier ideal for
voltage-follower applications. The device is short-circuit protected, and the internal frequency compensation
ensures stability without external components.

Table 1. ORDERING INFORMATION

Vcc*q

Ta PACKAGE!! ORDERAELE PART NUMBER TOP-SIDE MARKING
MSOP/VSSOF - DGK Reel of 2500 RC4558DGKR va_@
|Poip-P Tube of 50 RC4558F RC4EE3P
Tube of 75 RC4552D
30IC-D RC45ES
0°C t0 70°C Reel of 2800 RC4558DRGA
S0P -P3 Reel of 2000 RC4558FPSR R4558
Tube of 150 RC4558PW
TSSOP - PW R4558
Real of 2000 RC4558PWR
MSOP/NVSSOF — DGK Reel of 2500 RC4558IDGKR vs_R
PDIP-P Tube of 50 RC45521P RC45E8IP
Tube of 75 RC45581D
—40°C 10 85°C S0IC-D R4558
Reel of 2500 RC4558IDR
Tube of 150 RC45521PW
TSSOP - PW 4558l
Reel of 2000 RC4558IPWR

(1} Package drawings. standard packing quantities, thermal data, symbolization. and PCB design guidelines are available at
www ti.com/sc/package.
(2) The actual top-side marking has one additonal character that designates the assembly/test site.

& Flease be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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