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(1) LED FHhFh

L_Chika
#include <MsTimer2. h> < 2A7ENY A5 WAIE
#tinclude <Charlieplexing.h> «— | |EDZF AL -
void setup()
{
iLedSign::lnit(); < LEDZR <D HAE
] — X
void loop () l% ++
Lt y: #
static uint8_t x = 6; } | LEDERERE

static uint8_t y = 3;
static uint8_t s = 1;

s =1,
iLedSign::Set(x, vy, s); < LEDZRRH 7 (s=0:H%T s=1: 5= 4T)
delay (500) ;
}
ikkei 19
-reflection

const uint8_t X_MAX = 15;
const uint8_t Y_MAX = 7; :}

imzEE: (x:0~15 y:0~7)
void setup()

iLedSign::Init(;
}

void loop ()

{
static uint8_t x = 0;
static uint8_t dx = 1;
static uint8_t y = 0;
static uint8_t dy = 1;
static uint8_t s = 1;

iLedSign::Set(x, y, 0); BID RZ T

I a T RO ROERETE
y += dy; X

iLedSign::Set(x, y, 1); RDRZERKT

A

A

if ((x <= 0[] >= X_MAX)) {
dx = —dx;

<

} s S Fg B

if ((y <= 0)[] ¢y >= Y_MAX)) { HiE TR R
dy = —dy;

}

delay (50) ;
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#include <EEPROM.h> <

void setup () {
iLedSign::Init();
offset_x = EEPROM. read (0) #256 + EEPROM. read (1) ;
offset_y = EEPROM. read (2) *256 + EEPROM. read (3) ;
pol_x =1;
pol_y = -1;

1

void loop() {

EEPROMZ{EAT B2V IL—KT %

} I oty T —2%EEEPROMMD LA H T

if ((iLedSign::GetPeriod() & FRAME) != 0){ <

uint16_t keydata = iLedSign::GetSW(SW_EDGE) ; // get switch edge <

TL—LDEH

AAYFT—RETYOTRMETS

calc_acc(); <

if ((keydata & SW1) 1=0 ) {
offset_x = acc_xin[ 0 1,
offset_y = acc_yin[ 0 1;
EEPROM. write (0, offset_x / 256);
EEPROM. write (1, offset_x % 256);
EEPROM. write (2, offset_y / 256);
EEPROM. write (3, offset_y % 256);

}

if ((keydata & SW4) 1=0 ) {
pol_x *= -1,
pol_y *= -1,

}

MEEZRFLCERLEBLTRAMEEZRBSES

SW1%5
BEOMEELVYDOET—3%F Ty MEELT S

A7 YME (/AR LA NEIZHITT
EEPROMIZZZAL

SWA4A%ELS
W% RERd 5
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*bounce
void calc_acc( void ) {

// avgraging acceleration sensor signal
IR BT AR } omgmeyhoF-sEmALTRIICANS
spt++;
if (spt >= AVE) { . o
ept 20, } ROTF—BDIBI=. BIORALSEEHTS
1
acc_x = 0;
acc_y = 0;
for (i=0; i < AVE; i+#) {

acc_x += (acc_xin[ i 1 - offset_x ) * pol_x; RIDABNSF TyMEZSILTAEEL., B TES

acc_y += (acc_yin[ i 1 - offset_y ) * pol_y; CEICEHOTEYEEZELETS
b Z OB BB THS
acc_x /= AVE;
acc_y /= AVE;
// integrating acceleration makes velocity

| = SENS;
valTy 4= 200y + SENS. } MAEEHEA L TREIT S
// integrating velocity makes position
pos_x += vel_x;
pos_y += vel_y; } REFZHESLTALEIZT S
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// reflection ( reverse velocity )

// 0 < x < X_MAX

it ( pos_x >= NAG * X_MAX) { \
pos_x = MAG * X_MAX - 1;
vel_x = -( vel_x * REF1 ) / REF2;

Jelse if ( pos_x < MAG ) {

pos_x = MAG;

vel_x = -( vel_x * REF1 ) / REF2; B
} IHECREOREEZREZT S
1/ 0<y<T Y ZOR. K5 %% (REFUREF2) & TH<
it (pos_y >= MAG * Y_MAX) { BRSO TREF1IEHNT THBREF2TE| S

pos_y = MAG * Y_NMAX - 1;
vel_y = -( vel_y * REF1 ) / REF2;
Jelse if ( pos_y < MAG ) {

pos_y = MAG;
vel_y = -=( vel_y * REF1 ) / REF2;
} J
[y ey et somleration el L g gen el BISAAMEAT
ey st elocTy valle Y g AL EECTAU ST
x = pos_x / MAG; " o e i — _
v~ pos_y / WAG: } mBERS—UL S FEMTESTLEDDRRRICIRD S
ikkei
LEDF—2DIER LB E
7T ’
*bounce
// display |imitter
i (x> (XMAX - 1) { )
x = X_MAX - 1
Jelse if (x<1){
x=1;
} > ZDT=t. LEDD R R MIZEHIRT S
if Cy> (Y_MAX - 1) {
y = Y_MAX - 1
lelse if (y < 1{
y=1;
} J

// turn off the last position )
iLedSign::Set (x0, y0, 0);

iLedSign::Set (x0+1, y0, 0); . . -
iLedSign: :Set (x0-1, y0, 0); F RIEORIEOLEDT—42%0IZLTHEHET S
iLedSign::Set (x0, y0+1, 0);
iLedSign::Set(x0, y0-1, 0);

// turn on the next position A
iLedSign::Set(x, y, 1);

iLedSign::Set(x+1, y, 1); .
iLedSign::Set(x-1, y, 1); Y SEOMEBOLEDT—4%1123 %
iLedSign::Set(x, y+1, 1);
iLedSign::Set(x, y-1, 1):

// store last position
;g - § } REDNEZRFLT. REICHEOHEEET S
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ARVEAR \ 10ms DA BA—IN)LEFTVY

\

void Toop O { y
if ((iLedSign::GetPeriod(\ & TENMS) != 0) {
event = ilLedSign::GetSW(EDGE) ;
switch (state) {
case set_time: set_time_state () ; break;
case count_down: count_down_state(); break;
case pause: pause_state () ; break;
case alarm: alarm_state () ; break;
}
}
}
end
ikkei 37
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void set_time_state (void) {
DisplayLED (set_minute, set_tensec, 0);
if ((event & SW_MINUTE) = 0) {«——— H7REY
set_minute++;
if (set_minute > 9) {
set_minute = 0;
} .
} else if ((event & SW_TENSEC) 1= 0) [ <— 10®7RZw
v set_tensec++;
N if (set_tensec > 5){
@b_‘ set_tensec =0;
N [ AAn1o#biz1me | } \
} else if ((event & SW_START) I= 0) [+— AZ—hRZ
if ((set_minute != 0) || (set_tensec != 0)) {

count_minute = set_minute;
count_tensec = set_tensec,
count_second = 0;
clock = 0;
state = count_down;
hoU S } «
N PouSEE | else if ((event & SW_CLEAR) I= 0) { «— ZUTHAY
I set_minute = 0;
[ kag=no s | set_tensec = 0;
: . )
JUTREL? o }
N
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void count_down_state (void) {

1&Hﬂ!ﬁﬁiﬂ!’ lockat:
?foc<c|ock s=100{ +— 1 sec = 10ms X 100
clock = 0;

o0y EE

1#oayy?

oavoo\)7
hoUB1IBE
VAP PEE Tr

if (count_second > 0) { )
count_second——;
} else {
count_second = 9;
it (count_tensec > 0) {
count_tensec—;
} else {
count_tensec = 5;
it (count_minute > 0) {
count_minute——;

}
! /
DisplayLED (count_minute, count_tensec, count_second) ;
if ((count_second == 0)&&(count_tensec == 0)&&(count_minute == 0)) {
alarm_count = ALARM_PERIOD;
state = alarm;
1
1
if ((event & SW_START) !=0) {
state = pause;
1
}

> NI BLEE
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void pause_state (void) {

state = count_down;

if ((event & SW_START) != 0) {

} else if ((event & SW_CLEAR) != 0) {

set_minute = 0;
set_tensec = 0;
state = set_time;
}
}
end
void alarm_state (void) {
alarm_count——;
if (alarm_count == 0) {
alarm_count = ALARM_PERIOD; TI—LRK
alarm_flash "= 1;
DisplayAlarm(alarm_flash) ;

iLedSign::Clear ();
state = set_time;

}
}

if (((event & SW_MINUTE) != 0) || ((event & SW_TENSEC) != 0)||
((event & SW_START) != 0) || ((event & SW_CLEAR) != 0)) {

ikkei
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Ewk/\3—2mib16EEIZL T,
const byte FIG[10][4] = { BLSIICANET
{0x7C VOXSZ, 0x82. 0x70] | 1OBHEDT. FHEETHYFELL,
[ 0x00, 0x84, OXFE, 0x80}.
[ 0xC4, OxA2, 0x92, Ox8C}.
[ 0x44, 0x82, 0x92, Ox6C}.
[ 0x38, Ox24, OXFE, 0x20}.
[ OX5E, 0x92, 0x92, 0x62].
{
{
{
{

0x7C, 0x92, 0x92, 0x64},
0x06, 0xC2, 0x32, OxOE},
0x6C, 0x92, 0x92, 0x6C},
0x4C, 0x92, 0x92, 0x7C}

1100 0100 — C4
1010 0010 — A2
1001 0010 — 92
1000 1100 — 8C
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const uint16_t BitMa
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void loop()

{
//const unsigned char test[]="HELLO WORLD!  ¥xCA¥xDB¥xBO¥xDC¥xB0¥xD9¥xDE¥x(C4!
const unsigned char test[]="Hello world! ¥xCA¥xDB¥xBO¥xDC¥xB0¥xD9¥xC4¥xDE!
//const char test[]="HELLO WORLD! “; —

T RRSEAXFS
int16_t x=0; HEAhF X6 EREFRT 5,
for (int16_t j=15;j>-150; j—) {
X=];
iLedSign::Clear () ; N . \
for (int i=0;i<24;i++) { b jcﬁféyfﬁﬁko?ftlFb‘b
x+= iFont: :Draw(test[i], x,0); iﬁﬁ‘ﬁfﬁi%%?'tﬂ:TfL\<
//x+= iFont::Drawd0 (test[i], x,0) HEEDT, XFHND
if (x>=15) break; ¥ RIGEIZHIBELAH D,
] T~ HFEYRIGWNDPYA,
delay (80) ; - HMERIO—LDHE BH<ETTAN,
}
//delay (1000) ;
}
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Kybiss—2DIER

1. Excel T/ a—U % 1ERR 3. O—F#aE—L. A7 YFIC
mYT:1 HIT:0 ZAN3, BRUIT 5,

]
A 11,4000,0,0,00,0,01
clr[a[r] = [1] u
-
1.400,0.0.0.0.0.0.00
100000005000 0.0:0000. 03000, 0:1000.0:0000. 061000030001

[0.0:0000.0:4700 1. 05000 1. 0300 1056700 1. 0:0000.0:40000. 0230001
[0.0:40000.0:0000.0:0000. 0300101003, 0:0002.0:0002 030001
[0.0:0001 00004 00005, 0300 706100 7. 00003, 060001 000021
[0.0:0002.0:4000 1. 0200023, 01005, 026100 F. 0:c00 08, D00 4 050001 L
[0.0:0004. 06001 20200 1 7. 000 10,0500 1 F.0:0 00 F. 01004 00005 1
[0.0:0008.0:40004. 02000 F. 000 18.0:400:3 F.0:0 02 F. 010235, 00005 |
[0.0:900 10,0004 8.0:0005 F. 000 75,000 7 F.0:00:3 F. 0001 0.0x00201
[0.0.0020.0:6001 1.0:00:3 F. 01 05E. 010 FF. 0008 .00 A0 000 151
[0.0:004.1.0:01 22,0201 7 F. 011 DD 02001 FF.0:30 FF.00 042050031 1

[0.0:004 1.0 22,0001 7 F. 071 DD, D01

[0.00032. 00044000 FE.0011 BE 003

| ]
o [0.0:2050.0:¢1 100,033 FE0. D5E S, 0:F FEQ. 08 P, 00 A0, 01 BO 0L
u [0.0:104.0.0:04 590,065 FD 0,027 7 7007 F FO.003 FED. 021040, 0220201

[0.0.0520.0:004.4 0. 00 FEN. 01 BB 0. 023 FFE.02 FES. 02528, 00501
[0.0:04 10001 224021 7 F4. 0] DO2.051 FFC.0:00 FFE. 02004 1 0033081
[0.0.0208.0:001 10,0203 F5. 0}5E. 0200 F FE. 008 F Dol A0 A 0201 B 0L
0,001 04020489, 0205 FD. 00 7 7 70540 7 FF. 000 3 FE.0uef] 104 0002021
[0.0:00052.0:40044.0:400 FE. 02011 BB, 0403 FF.002 FE. 00 252.0:005C1
[0.0:004 10001 22,0201 T F. 01 DD 02601 FF.000 FF.00 0410500301
[0.0:00020.0:6001 1.0:00:3 F. 0:105E. D10 FF. 0:008 F. 01040, 0001 5L
(0.0 1 00260045, 0:00:3 F. 00 7 705600 7 F. 05003 F. 0001 00000201
[0.0:40008.0:41004. 02000 F. 030 18.0:410:3 F. 00 02 F. 01028, 00005 |
[0.0:00004.0:40012.0:6001 7.0:200 100400 1 .00 00 F. 00004, 00005 L
[0.0:0002.0:6000 10200033, 01005, 06100 F. 00008, Dol 004 00001 L
[0.0:0001 060004 0200035, 0300 7. 06100 7. 0:0003.0:01001 000021
[0.0.a0000.0:60000. 020000, 0300 1061 00:3. 00002060002, 0000001
[0.0:0000.0:6100 1. 02000 1. 0300 1056100 1. 0:0000.0:60000. 000001
[0.0:20000,0::0000. 00000, 0:20000, 00000, 00000, 00000, 000001
[0.0:0000.0:47000. 050000, 03000, 0361000, 0:0000.0:40000. 0200001
[1.70.0.0.0.0.0.0.01
[0.0.a0000.0:60000. 020000, 3000, 061000, 0:0000.0:60000. 0230001
[0, 0:00010.0:610010. 0500 000, 03000, 0561000, 0:0000.0:60000. 030001
[0.0:0000. 00000, 00000, 020001, 00003, 00000, 00000, 000001

1 M1 14 R0 M5 EN L1777 10T

2. TELUSNDEILIZTESR

[efr[ 2 [r] u [ ¥

LE‘!!!!
[

ui;;;': : ! 4. TICERTICFHTFRTIZES
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17L—LDORREDEE

RODPFTT—IDFERZEL TS,
— 0:17L—LHBDEYr/N2—2 (16Ewk x 8)
/11— LRROERE (MsEAL)

““‘ ) 2: — :\g L
‘ A TE0RDY - Flash ROMEIZEEET B,

/| uint16_t BitMap[1[9] PROGMEM = {

|| |// first data O:pattern data 1:delay time 2:terminator

\ | {1,400,0,0,0,0,0,0,0},
{0, 0x0000, 0x0000, 0x0000, 0x0000, 0x0000, 0x0000, 0x0000, 0x0000},
{0, 0x0000, 0x0001, 0x0001, 0x0001, 0x0001, 0x0000, 0x0000, 0x0000},

| {0, 0x0000, 0x0000, 0x0000, 0x0001, 0x0003, 0x0002, 0x0002, 0x0000} ,
{
{

0, 0x0001, 0x0004, 0x0005, 0x0007, 0x0007, 0x0003, 0x0001, 0x0002}
0, 0x0002, 0x0001, 0x0003, 0x0006, 0x000F, 0x000B, 0x000A, 0x0001}

\ {0, 0x0000, 0x0000, 0x0000, 0x0000, 0x0000, 0x0000, 0x0000, 0x0000}
{0, 0x0000, 0x0000, 0x0000, 0x0000, 0x0000, 0x0000, 0x0000, 0x0000} ,

—11{2,0,0,0,0,0,0,0, 0},
};
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ALIFDEV)AHBELZ)

AAYFOBYAHZALSIUT (EZFIPYEZ DR D
LEDAGHITLTULNBREIZITS DT, RRD AT UIZITRELLEGL,

4

<— alloff

1« pull-up on
l¢— column on

l«— switch input
¢— row output

switch off

'switch on

TLTVTHEGR
a
)

1AM D
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EEAACHIEHT AL

vee

HAR—FOFETHNERFIRZETHDTKRIX

V+ FATHE MERTDIES.
45mA, 3E D5 E & 20mA,
—| BEtAIEHITEOMATLT =,

2 70 74 74 74 74 74 4

e

77

— | SE. B AKTE 0.16ms
Fa1—711%16/100/16=1/100

KWM-37881ASB (TOM-1588BH[EI% &)
Absolute Maximum Ratings — #x&KXEH

ikkei

Peak Forward Current 100 mA
(1/10 Duty Cycle, 0.1ms Pulse Width)
Continuous Forward Current 40 mA
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A¥+ 83—k 1

*Charlieplexing.cpp

void scanLED () {

alloff(); // all output high-Z (input) <

if ((scan==8) || (scan==9)){ // switch common |ines

PORTD |= 0x28; // pull up register of SW4 & SW2 or SW8 & SW6
PORTB |= 0x02; // pull up register of SW3 or SW7
PORTC |= 0x01; // pull up register of SW1 or SW5

}

uint8_t n = ledMap[ scan 1; // scan column output LOW for cathode

if n<8 |
DDRD = _BV(n);
} else if (n < 14){
DDRB = _BV(n-8);
} else {
DDRC = _BV(n-14);
}

//### count ON LED numbers
uint8_t on_count = 0;
for (int j=0; j<8; j++){
if ((displayBuffer[scanx3] & 1<<j ) 1= 0){
on_count++;
1
}

for (int j=0; j<6; j++){
if ((displayBuffer[scanx3+1] & 1<<j ) 1= 0) {
on_count++;

1

if ((displayBuffer[scan*3+2] & 1<<j ) 1= 0) {
on_count++;

1

YARM—DFEBESCT=OIZ. EHAATIZT 5,

AAYFAADE=HDT VT vTERA Y,

N

. ZFDEEIZH BT DR— EH AR—MZT S,
ZOBEOTT—REHYELZLDTT—421F0
E->T. LOWH hER D,

ZEvUIBIZH LT AT —4
> ELMFruILTEOBD
LEDD SkT#ZEIDU N B,
ANDI=HDTFLAEERD,

A& v UNEIZIS L5 hZinF DECS A SRS,
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A¥+8lDa—k 2

Charlieplexing.cpp

if (scan==8) { // get SW1, SW2, SW3, SW4

ANALIEZRAYFT—REEVRIBEIYHTT
OXOFLEX-ORLTRE:T 5,
AAYFANZ AR E(RAYFF2 :LOW) D=6

sw1234 = (digitalRead (sw1)*8 + digitalRead(sw2)*4 + digitalRead (sw3)*2 + digitalRead(sw4)) ~ OxOF;

} else if (scan==9) { // get SW5, SW6, SW7, SW8
previous_sw = current_sw;

current_sw = (sw1234 << 4) | ((digitalRead (swb)*8 + digitalRead (sw6)*4 + digitalRead(sw7)*2 + digitalRead(sw8)) " OxOF):

if (previous_sw == current_sw) { <
swdata = current_sw;

}
} // swdata: SW1, SW2, SW3, SW4, SW5, SW6, SW7, S8

//##tt equalization pre-delay
if ( (on_count >= MID_LED) && (on_count < MAX_LED) ) {
delayMicroseconds ( 1000 - dd[on_count] );

// output row data

DDRD |= displayBuffer [scan*3];
PORTD = displayBuffer [scan*3];
DDRB |= displayBuffer [scan*3+1];
PORTB = displayBuffer [scan*3+1];
DDRC |= displayBuffer [scan*3+2];
PORTC = displayBuffer [scan*3+2];

//H##t equalization post-delay

if (on_count < MID_LED ) {
delayMicroseconds ( dd[on_count] ) ;
alloff():

BIEIRYRAAZRAyFT—2ERLE 2125
swdatal#EREAND, (FrR2UTBRE)

EEMEDODRET LA
COMEHETDESE

1THA:
T—EN1DEYrEH AAR—KZL,
SHIC1EHALTLEDF S LTS E 5,

BEMED-ODERETALA
ZDREEEDATICLTHELTT %,
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A¥+ 80—k 3

*Charlieplexing.cpp
period = 0;
msect++,
if@wcﬁ1®{ IMsDRAF ¥ &#10EAD LT
msec = 0; 10msBD IV %I TS

period |= TENMS;

scan++;

if (scan >= 16) {
scan = 0;
period |= FRAME;

// If the page should be flipped, do it here
if (videoFlipPage && displayMode == DOUBLE_BUFFER)
{
// TODO: is this an atomic operation?
videoF | ipPage = false;

uint8_t*x temp = displayBuffer;
displayBuffer = workBuffer;
workBuffer = temp;

AF A TELI=S
IL—LDIST%EILTS

AT\ IT7DIEE.
> MENAYIFEANEZD

ikkei
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Rybhetybs 3R ERATYFOEE

void iLedSign::Set(uint8_t x, uint8_t y, uint8_t ¢)

{

}

uint8_t pin_high;
if (x>=8){
pin_high = ledMap[ vy 1;
} else {
pin_high = ledMap[ y + 8 1;

}
if (c==1) {
if (pin_high < 8){
workBuffer [ x*3 1 |= _BV( pin_high );
lelse if ( pin_high < 14){
workBuffer[ xx3 + 1 1 |= _BV( pin_high - 8 );
Jelsef
workBuffer[ xx3 + 2 1 |= _BV( pin_high - 14 );

} else {

if (pin_high <8){

workBuffer [ x*3 1 & “_BV( pin_high );
lelse if ( pin_high < 14){

workBuffer[ xx3 + 1 ] & “_BV( pin_high - 8 ):
Jelsef

workBuffer[ xx3 + 2 ] & “_BV( pin_high - 14 );
1

y ERZIZIGLI-EVBBZMET S
x EERZEN8LL L DEFIFHBIDLED
x BEEARMBRFE DR EER/IDLEDIZHS

| AATSE RS
y EROELESOE yMIBELZT

| TS HIBE
y ERDOELER O YMEEE0ZT

uint8_t iLedSign::GetSW(uint8_t edge)
{

static uint8_t previous_swdata;
uint8_t flag = swdata; <

if (edge !=0){
flag & “previous_swdata;
previous_swdata = swdata;
}
return (flag);

LRIILEBHDEE . swdataZDiHDEIRT

} IySHREDEE
BIEIDT—42M0T, SENIDEVLERT
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AIF W

Charheplexmg@?]") CFILIEMAXIM#E D ZDEFH(AN1880) T,
"Charlieplexing - Reduced Pin-Count LED Display Multiplexing”
http://japan.maxim-ic.com/app-notes/index.mvp/id/1880

NAXIV
Mayim > App Notes > AUTOMOTIVE DISPLAY DRIVERS
. display drivers, MAX6950, MAX6951, MAX6954, Feb 10, 2003

rds: charfie, charfieplex, charfieplexing, led d:
MAXE9SS, MAXES58, MAXESS9, LED drv

Charlieplexing - Reduced Pin-Count LED Display Multiplexing

stract: This application note discusses "Charlieplexing” — & pin-count reducing multiplex technigue used by
nhe MAXE950, MAX6951, MAX6954, MAX6955, MAX6958, and MAX6959 LED display drivers.

This application note discusses how to "Charlieplex” 2 display driver circut to reduce pin-caunt. This unusual
multiplex technique is used by the MAX6950, MAXE951, MAX6954, MAX6955, MAX6958, and MAXE959 LED
display drivers. Charlieplexing reduces driver pin-count by using some pins alternately as cathode and anade
drivers. This differs from the standard LED multiplex connection, which uses separate driver pins for anodes and
cathodes.

The standard connection for muktiplexing common cathode (CC) LED digits uses a separate pin for each digit's

€C connection, while the anode segment connections are communed across all the digits. Similarly. the standard

connection for multiplexing common anode (CA) LED digits uses a separate pin for each digit's CA connection,

while the cathode segment connections are communed across all the digits. The number of connections required

can be calculated s being 1 for every digit used, plus 1 for every segment within a digit. Therefore an S-digit, &~

se-gment multiplex driver typified by the MAX7219 and MAX7221 CC drivers uses 8 cathode drive pins and 8
drive pins, 16 drive outputs in total (Figure 1).

888

For Larger Image
Figure 1. The MAX7219 and MAX7221 use standard connections - 16 pins to drive 8 digits.

A more pin-efficient scheme relies on the fact that during the multiplex operation, only ene CC or CA digit drive

output is actually in use. The other digit drives are high-mpedance, ensuring that no drive current flows into

these undriven digits. By making the LED drive pins altemnate duty between driving digits and segments, n drive

pins can be used to drive n digits each with n-1 segments. Charlie Allen originally championed this technique

intemnally at Maxim, and so the shorthand name "Charlisplexing” came into use to distinguish reduced pin count

multiplexing from the traditional method. The first Maxim product to use Charlieplexing is the Maxim MAX6951
D driver, which drives 8 numeric digits with only 9 pins (Figure 2).

BE8BBBEEB

For Larger Image
Figure 2. The MAX6951 uses Charlisplexing - only 9 pins to drive & digits.

To understand how Charlieplexing works, first examine the pin connections shown in Table 1. There is one row
per multiplexed digit, and each row contains 9 columns, For each digit, ane column correspands to the CC digit
drive, and the rem;

Table 1. The MAX6951 Driver to LED Display Connections

IKKEI

2003%2AH10H

70 6 columns correspond to the  anode (ssgment) drives. MAXIM *i AN1 8 80
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BIANETF VMDD BT
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FORIERLBYET,
RRHICHLT, BT AV FDBEZ KL TS ER S MYET,

Original (The MAX6951 Driver to LED Display Connections)

MAXIM%L AN1880

DIGO/SEGO | DIG1/SEG1 | DIG2/SEG2 | DIG3/SEG3 | DIG4/SEG4 | DIG5/SEG5 | DIG6/SEG6 | DIG7/SEG7| SEG8

Pin 6 Pin 5 Pin 4 Pin 3 Pin 14 Pin 13 Pin 12 Pin 11 Pin 10

LED Digit 0 CCo SEG dp SEGg SEGf SEGe SEGd SEG ¢ SEG b SEGa
LED Digit 1| SEG dp CC1 SEGg SEGf SEGe SEGd SEGc SEG b SEG a
LED Digit2| SEG dp SEG g CC2 SEGf SEGe SEGd SEGc SEGb SEG a
LED Digit3| SEG dp SEGg SEGf CC3 SEG e SEGd SEGc SEGb SEG a
LED Digit4| SEG dp SEGg SEGf SEGe CC4 SEGd SEGc SEGb SEG a
LED Digit 5*| SEG dp SEG g SEGf SEG e SEGd CC5 SEG ¢ SEGb SEG a
LED Digit 6| SEG dp SEG g SEG f SEG e SEGd SEG ¢ CC6 SEGb SEG a
LED Digit 7*| SEG dp SEG g SEGf SEG e SEGd SEG ¢ SEGb CC7 SEG a

TH. COFEETIIDPEFEDOLLZLMESLIORMDEIZHRYZET,
FCT AT ET AN EANEZ . DPEFEDOLLZLNEEIISATERTHES
KL, EBIT, EBARET AV OBREEZA WKL THELT =,

Minimum Difference Connections ( Close to Conventional Connections )

DIGO/SEGO| DIG1/SEG1 | DIG2/SEG2 | DIG3/SEG3 | DIG4/SEG4 | DIG5/SEG5 | DIG6/SEG6 | DIG7/SEG7| SEG8
LED Digit 0 ACO SEG a SEGb SEGc SEGd SEGe SEGf SEGg SEG dp
LED Digit 1 SEG a AC1 SEGb SEG ¢ SEGd SEGe SEGf SEGg SEG dp
LED Digit2| SEGb SEG a AC2 SEG ¢ SEGd SEGe SEGf SEGg SEG dp
LED Digit3| SEGc SEG a SEGb AC3 SEGd SEGe SEGf SEGg SEG dp
LED Digit4| SEGd SEG a SEGb SEGc AC4 SEGe SEGf SEGg SEG dp
LED Digit5| SEGe SEG a SEGb SEGc SEGd AC5 SEG f SEG g SEG dp
LED Digit 6 SEGf SEG a SEGb SEGc SEGd SEG e AC6 SEG g SEG dp
LED Digit7| SEGg SEG a SEGb SEGc SEGd SEG e SEGf AC7 SEG dp
ikkei
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ikkeiplexing ( Charlieplexing by ikkei )
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3 a8 a3 a3 a8 5|8 5|8 a8 a
F<00oWL 0G| F<00owL 06| ¥ <00owLOd| F<o0owWL 08| F<a0oww 08| ¥<a0owL 06| F<o0owuL 0| F<aoowwOg
Inell
line2
line3
line4
line5
line6
line7
line8
line9
ikkei 65

AVOFIVTINA A

SHIS.AVCFILTRTEOLSLTERAT /NI REZFEALTNNADT,
LEDZE#HKTHENHEFT,

_|

V+

% EERY—R

e
-

RKERVY

77

HhY—FaE'y

GND

DIGIT D
b

CCo

DIGIT 1

ccl

MAXIM%t AN1880

ikkei 66




= =]
CH

AV NG IS T

TH, — ROV TRHREITHIHEE. 5N EFEEFA,
Z_TCRAIE, — DIV DH A DESCT=-HICERFRBERE.
AEVBRERSATTI=OICERET AT ISR 2% EBMLELT-.
CDIUDRBIIZIVATAATIED T, RA—RAEBERITBEYFEE A,

V+

KEFRY—R
] ] V+
She A .
BRI~ EFHRIES
C C
7 74
Z
4 2 &7
J—( ¢ ¢
—|iy |REAZY ERHBIESR
| xBROUY |
777
HhY—Faxy HhY—FKa®y F/—FaE®Yy
ikkei 67
ikkeiplexing
chREEDOREETT,
7/—FaAEUDEHEREEVeccKYBWEEZ ISV DRZ2MDaLYARIC
BITAZENHEEEFT .
ikkeiplexing ( Charlieplexing by ikkei )
Bl o[ o [ o[ o oo o] o
d M = ,‘ [ } = ,-’l = ,-’l = ,"l = ,-’l b ,"l = ,"l = ,"l
Ar UIno S(moomu.w% g(moowu.@% 8<mUDLLILLL’)% %(muowu.(n% 83<moomu.o% S(monwu.w% S(EDUDLULLO% 8<EDUDLLILLL’)%
RST A‘%ﬁé "”911 l l l |
e = k] [—=
g Bkl e
i e —

ikkei

68




KA RBREERY

ERERREEMTT,
ikkeiplexing ( Charlieplexing by ikkei )

m < + 0L O < + UL OO <+ 1L O <+ L O+ UL O + UL 000 +uw O+ OWOoWO

d b
L

55

o}
@

o o3obke
OROREZ

Vit
o o

LA

7
O wao O + o wa O+ 0w O+ 0o wao O+ 0 wao O+ 0w
[a) [a] [a] [a] o

o O+ 0 wWwo O+ 0 wao
o [a] [a]

ikkei 69

EDNDOEEHE

CNT—XEIEIE. ARTHBEEDNDREEIZFZ I LNDERLETLE=,
[DIELN/OTEEMOLEDZEHITH . [ mKTHaIRE
http://ednjapan.rbi-j.com/issue/2009/3/22/2983
CbBLIEHY—FaAEVDIHZEETY,

EDN
[issued: 200943 A 5]

Guillermo Jaquenod
TFILEVFY

ikkei 70




Wikipedia

TNTIE, BECOLSERIBENARICELIOHIEZREHNSERELET,
hixWikipedialzt B THYET .
http://en.wikipedia.org/wiki/Charlieplexing

CZIZIX1995F FhHIZMAXIMEE D Charlie Allen SAMNIRIBLI=EHYET

f BT _ TryBeta 2 Log in/ create account
" *{ SN article discussion edit this page | | history
5 0t \ . P
N Charlieplexing
1y
S [ From Wikipedia, the free encyclopedia
=

WIQIPEDIA Charlieplexing is a technigue proposed in early 1995 by Charlie Allen at Maxim Integrated Products for driving
The Free Encyclopedia a multiplexed display in which relatively few /0 pins on a microcontroller are used to drive an array of LEDs.
The method utilizes the tri-state logic capabilities of microcontrollers in order to gain efficiency over traditional

navigation : - : : :
A multiplexing. Although it is rmore efficient in its use of |0, there are issues that cause it to be more complicated
T to design and render it impractical for larger displays. These issues include duty cycle, current requirements

u Featired cortent and the forward voltages of the LEDs

= Current events
= Random article Contents [hicie]

et 1 Traditional muitiplexing

|— 2 Charlieplexing

L 2.1 Complementary drive
2.2 Expanding: tri-state logic

interaction 3 Problems with charlieplexing

3.1 Refresh rate

= Ahout Wikipedia
= Community portsl 3.2 Peak current

3.3 Reguirement for tristate =
= Recent chal.ﬁges. i A Charligplexed digital clock which &)
= Cortact Wikipedia 3.4 Complexity cortrols 90 LEDs with 10 pins of & PIC1BC54
= Donate to Wikipedia 3.5 Forward voltage microcortrolier. Click to entarge picture. (']
= Help 3.6 LED failure
toolba 4 Input data multiplexing

R
ikkei 71

Rz

F9 . LEDMN2EDIFZEEEZ. COLIICEHELET,

Fin 1

.
k]
£l

W,

Wikipedia

ikkei 72




2BEDLEDD R KT 73 &

FhENDOLEDZRALTSEABIZIE, HAZH, LERIEL, HIZLET,

H Pin 1
R

&

&

L Fin2 — ]

Fin 1
e —

|
£

£y

H Fin 2 ———

WA RKSESICERZEICYYERFT . AAZHIgh-ZICTHEMA

HITIZBYET

L «>

ikkei

bl
(|
=
ol
| =]

W,

73

SAFRNDIZRO6{EDLED

2 4E CLED2{ETE EA) YLD T A,
SKRIZIEAHELEDIFIETIEHL. 6 BFEMTEET,
DEYNEKDEEEEN x (N-DEDLEDEFIHTEREIZLHEYET,
REFXLEENDBEDIZEEN/ATTIOONRKEVFENRNRHZE

NahVET,
Fin1 _— * * n | nx(n-1) | n24
4 12 4
f(SL ZL§
6 30 9
Pin? _— yid VA 8 56 16
10 90 25
i
¥ - 12 121 36
14 182 49
PIN3 _—
16 240 64

Wikipedia

ikkei

74




6 AR TIE3OEDLED

nMEEE0ELDLEDEZHIHTEE T BUUAKXTECLETRHICEYET,

http://www.instructables.com/id/Charlieplexing-LEDs--The-

theory/step4/Finallya-Charlieplex-matrix/

LAL. COISLEESTLEDDRZIBOES LT HE BDRKETY,

g =

£3 5

;5..:'.: ¥

si; =

el =

kkH

bt
i

b=
LT
T !5‘
{1 "y )
Al S
s et -
e 1 =1 ‘
i g _ET
— Faglll OF,
e
i LB
i 1l

—

ikkei

75

SEZDTMN)VAREE

T4,

BEHZEAT. SRDBZEFEDRICE T, LRI HDIHETY,

o
'A'§E:>o
o

/«y

)

/‘V

ikkei

76




ZLDLEDALIR

2FY. COKSIHRTEET .
hZz9x8IZHREERLTHET .

o T
oS N U SO S S
ikkei 77
Z<LDOLEDA LR
T BHEHBODCharlieplexingDEIRRIZEYFET,
/ o df))ﬁgdf)ﬁ dloﬁ df)ﬁ dloﬁ d-ﬁ d'ﬁ ’ R
apl gr’ gr’ gr’ gr’ gr’ gr’ ﬁ
O « * « « « 14 « [ f g b
o 1o LN b
© - - " - - - - ) e C
s e L
p

om LT
7 dﬁ dr« dr« dr’ dr« r’%{
. 403 403 415 403 413 ST

b(\T bﬁ bﬁ bﬁ b[¢ bﬁ bﬁ
o all 7,3 al 7a 3 5o a5

ikkei

78




HROD—I X

T AV DOEREZEFIE

L= Hlikkeiplexing&L\SbHIHTT,

¥ o] ] ] ]

—
-

LT.dpDHZE5TEEL.

—-—
-

RCET A rEGEHRAELTTUI

2l

¥

o ] a o] o (o]

RN

Je ] e ]

¥

(e,
(e,

S

O

dN d)ﬁgd)ﬁgd)ﬁg
I

O

O

dEJPT d;v)[q df))ﬁgdrv)FT d'[¢ dE)[¢ df)ﬁ dE))ﬁg’

M

e e

O

Lo

o0k <{ o

79

ikkei

16FRNIESG

YR L =13 & X240+ DLEDZER S I A EMNTEET,

KL{RBE. COEBDOPIZSXSDHNHIDRMYET,

X

X X

X MK
¥ ¥ ¥

Y ¥ K M K

o ¥ ¥ ¥ M K

S | | ¥ ¥ M X

| | | X ¥ M

J| e | | ) ¥ e

S| | J| | ) | e e e

| S| S| | ) ) | e e e ¥

| S| | | J ) ] e e e e ¥

S| S| | | | J ) M e e e e

Je| Je| Je| | 6| X e e e e e ¢ K

Je| | Je| Je| | | e e e e e e ¢ ]

—
~—

S5IZ16AI

e 4 ¥
¥ ¥ M X
J ¥ ¥ M ¥

X
o ¥

O
O
O
O
O
O

e

J ¥ ¥ ¥ M X

O

J| | | X ¥ ¥ e

K ¥ M| ¥ M
J| | | X ¥ ] e

O

K| | | | | | e e e 4
| | | X | | ] e e e 4

Je| | | | ) ) ] e e

O
O
O

| | | X ) ¥ | M e e e 4

O
O
O

| Je| e e e e e e e e e

Je| Je| | | | | ) e e e S ] X

N

162|K< ;

80

ikkei




<

<

<%

<

=

<

g

g

X ¥ ¥ ¥ X

§

164 RDIRE
R,

§

DFRVEBDHBXB8D TR IV RIZHESTULET,

—

81
82

ITT:L\:E)G)-E?-O

X
X

M ¥

X

FE ot
X

Y
X
X
X

LHvEizY D+

X
X
X

X
X
X

o

(SADARA

X
X
X

X
X
X

S | | X ) e
S | | X ¥ M
J | | X ¥
J | | ) )
| | | X ¥ X

X
X
X

ikkei
Y%7,
LEBENREEFEA
1=
ikkei

¥ ¥
¥
X

&

-y A
X
X
X

[

P,

X

X

X
K| K| | X ¥ ] e
| | | X ¥ ] e
| | | X ¥ ] e
| e e e e e M
J| | | X | ] e

X
X
X

16X ERD—ER D

X
X
X

D&
i+t

~

X
X
X

<
-

12

X
X
X

71N

162|:< ;
.
o

T&%Y &
N

<&
-

DEST:

~

LAL. LEDDZE
2, SELIESTLWERA, BALD

—




ATYFOEM

SCET.ZELTWAECAIZLEDD R HYIZ R vFEB/MLELT =,

=

&

84

ikkei

AN \
O

@ e i
%
LR
ok:!
mu_
Qs
e
DO .
v S
o~ T._‘C/\UJ
o 048
BUE £
R owER
.|| 5226
e e B X BN &m_*___m:,
SIS T S niog0k
. S th| QERY
Ty S S S ]H N RESK
fu R AR X A Y - wt/x.r
6 AR DR ARA AR K| D& ﬁ —
6 B BARABBARAR aS i)
S AR AR AR AR ') g\ T
% N _yIn & H
© o Z #% S o.m./.._
- 0000000000000 OO0 0 Ewbﬂ ~
. — / R oM N
& ~ DTN i\
g ¥ iR, n
i © A>Hp
B ~ TERO
1 KEHE




ikkeiplexing shield [E13&E]

Arduino
o
|8|2|5]2|8|3|3 8|3|2|8]2|8(8|8 |z 32
S MM =R EEEE
Vccu
Vee  Outy
IGND outx
GND
< < < <] < < 0.1 0.10.1
42YYYY<2 KXM52-1050
™ S| O|lw|H|n|w© MM F|Oo|lo|-H|(n]|©
— — || — — ||
| N || O~|0 — [RINARSIECI T K
4 B4 B4 V4 B4 BV 3 B4 M XXX X|X[X|X
i Yo
s 0 O
4] As %] & &] 4] & 4] 4] - ikkeiplexing shield
wal a6 &] ] &] £] &] &] &] - @Eﬁ'
2 a7 &] &] &] ] & & &] ©
5|
TOM-1588BH TOM-1588BH
ikkei 85

2M)AELED/SWOHBELE

O TX1

D4
O A1
O p7
O A2
O p8
O D11
O D12

D6
O D10
O A3
O D2
O A0
O D3
O D9
O D5

ikkei 86




BENERTLE

ikkei blog
http://blog.goo.ne.jp/jh3kxm

ikkei Electronics @‘; S

http://web.mac.com/kxm_ikkei/

ikkei

88




