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MB16023 LED PWM_ 3x4 LED

MBI6023 LED 3x4 PWM LED MBI6023 3mA  45mA
MBI6023 3.3v. 5V
17V
Scrambled-PWM (S-PWM) MBI16023
GCLK MBI6023
16 10 16 LED 65,536

10 1,024

MBI6023 MBI6023
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MB16023 LED PWM 3x4 LED
GNDH1e OUTAO
ckill2 OUTBO
spl W3 OUTCO OUTC2
TEST1 4 OUTA1
TEST2 Bl 5 OUTB1 ouTs2
spo W6 OUTCH OUTA2
cko B7 OUTA2 OUTCH1
vDD2 Bl 8 OouUTB2
R-EXTA OouTC2 ouTB1 13
R-EXTB OUTA3 OUTA1 8 9 10 2
R-EXTC OUTB3 oo oo 9 ¢
VDD OouUTC3 S _|‘ S| g 2 S
ol m >
o o o
MBI6023GP MBI6023GFN
GP GFN
1 10 GND
2 11 CKI
3 12 SDI
4 13 TEST1 , VDD
5 14 TEST2 ,
6 15 SDO
7 16 CKO
8 17 VDD2 3.3V 5V
9,10,11 [18,1920 |R-EXTA,B,C
12 21 VDD 3.3V/5V
15,14,13 [24,23,22 |OUTA3,B3,C3
18,17,16 [3,2,1 OUTA2,B2,C2
21,2019 |6,5.4 OUTA1,B1, C1
24,2322 19,87 OUTAO, BO, CO
- - GND
* PCB
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MB16023

LED PWM 3x4 LED
Js
VIN [] * DC/DC Converter -V
GNDB—'l i\ § LED
- TVS, J__ LDO
=4 >
12 8 24 139 Vos
|y VDD VDD2 OUTAO ouTC3 J
VIN . B
GCNKEI) _'_—l— GND . R, option J___|_ \é(ﬁg)-r
= CKI CKO \— =
GND[ L MBI16023GP 6 1 Remon L L 138ND
SDI = SDI SDO MWV = SDO
— connetc to VDD T
0/
R-EXTA R-EXTB R-EXTC
9 10 11
LT .
1. TVS~TVS, ESD (TVS)
2. C1"‘C2
3. ESD MBI16023
-4-
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MB16023 LED PWM 3x4 LED
OUTAO0 OUTBO OUTCO OUTA1 ouTC3
R-EXTA o— |, J S St B
REXTB 0——ro» ,, = — 0 ()b P
R-EXTC o— |, @ ________
| I I I
JrLe Ei
GCLK [ pyyy ;Z N
A A A I
A Ly A A
4
1416
&

SDI O——

CKlI o

o SDO

A\ 4

']

~>o—o CKO
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MB16023 LED PWM 3x4 LED
CKO SDO CKI SDi
CKO, SDO CKILsDI ©
R-EXTA B C OUTAn Bn Cn
UTAN
VDD OUTBN
OUTCn
o}
XT, B | 5%
R-EXTA
R-EXTB _4E
R-EXTC —
—15
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12
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MB16023 LED PWM 3x4 LED
Voo 0~7 v
CKI, SDI Vin -0.4~Vpp+0.4 v
CKO SDO Vour -0.4~Vpp+0.4 v
OUTn Vos 0.5~+17 v
lour +45 mA
GND len 570 mA
GP 182 W
( 25°C )* |GFN 7o 2.97 W
GP 68.63 °CIW
( ¥ |GFN Riga 42.12 °CIW
T ma 150 °C
IC Topr _40~+85 °C
IC Tug -55~+150 °C
HBM(MIL-STD-883G
Method 3015.7 HBM (4003\'7?; ;’Qggv) ;
)
MM(JEDEC s E
EIAJESD22-A115 MM (2007 1o 399V) ;
)
- PCB 76.2mm*114.3mm JEDEC JESD51
: PCB
PCB
2011 12 V1.00



MB16023 LED PWM 3x4 LED
(Vpp=5.0V, Ta=25°C)
Vob - 45 5.0 55 \Y;
Vbs OUTAnN ~OUTCn =off - - 17.0 \Y
lout 5 - 45 mA
lon CKO, SDO at Voy=4.8V 1.8 2.2 25 mA
lou CKO, SDO at Vgu=0.2V 2.0 2.3 2.8 mA
VD3=17.0V,
lour OUTAn ~OUTCn =Off - - 10 bA
lour=20mA
( ) diour 75 .oT/ Rex=6800 - +1.5 +3.0 %
lour=20mA
( ) diourz (275 _Or{‘/ Rex=6800Q - +3.0 16.0 %
VS. * %/dVps  |Vos 1.0V 3.0V - +0.1 +0.5 %IV
VS. * %/dVop  |Vop 45V 55V - +1.0 +2.0 %IV
CKI SDI Vi - 0.73x Vpp - Voo \Y
E-GCLK
V||_ - GND - 0.28x VDD \%
CKO SDO SDO VoL lo,=+3.0mA - - 0.2 \Y;
Von |0H=-3.0mA VDD'O-2 - - \Y
R-EXTA B C VRexT OUTAN~OUTCn=0On 0.55 0.61 0.66 \Y;
* Viknee Rext=31 1Q at lout=45mA 0.7 0.75 0.8 V
Rex=360Q, CKI, SDI=Low,
” Ipp(off)y  |CKO, SDO=NC, 13 15.0 17.0
OUTAN ~OUTCn =0Off
Rex=680Q, CKI, SDI=Low,
*ox CKO, SDO=NC, 7.5 9.0 11.0 mA
OUTANn ~OUTCn=0n
“ ” IDD(On)
Rex=680Q, CKI=10MHz,
CKO, SDO=NC, - 18.0 20.0
OUTANn ~OUTCn=0n
2011 12 V1.00



MB16023 LED PWM 3x4 LED
(Vop=3.3V, Ta=25°C)
Voo - 3.0 3.3 3.6 Vv
Vbs OUTAnN ~OUTCn =Off - - 17.0 \
IOUT 3 - 30 mA
lon CKO, SDO at Vgou=3.1V 1.6 1.9 2.4 mA
loL CKO, SDO at Vou=0.2V 1.6 2.1 2.5 mA
| VDS=17.0V, 10 A
our OUTAn ~OUTCn =off ) ) ' H
lout=20mA
( ) dlour \;’;’SL y _OT/ Re=680Q - +1.5 +3.0 %
lout=20mA
( ) diourz (273 .oT/ Rex=680Q - +3.0 6.0 %
VS. * %/dVps |Vps 1.0V 3.0V - +0.1 +0.5 %IV
VS. * %/dVpp Vop 2.7V 3.3V - +1.0 +2.0 %IV
CKI SDI VIH - 0.73XVDD - VDD V
E-GCLK
V||_ - GND - 0.28XVDD V
CKO SDO SDO Vou lor=+2.0mA - - 0.2 vV
VOH |OH=-2.0mA VDD'0-2 - - \
R-EXTA B C VR8exT OUTAN~0OUTCn=0n 0.60 0.61 0.62 V
* Vknee Rex=467Q at loyr=30mA 0.80 0.82 0.84 \
Rex=360Q, CKI,SDI=Low,
“ o loo(off)  |CKO, SDO= NC, - 13.0 15.0
OUTAN ~OUTCn =Off
Rex=680Q, CKI,SDI=Low,
o CKO, SDO=NC, - 9.0 11.0 mA
Y OUTANn~OUTCn=0n
Iop(on)
Rex=680Q, CKI=10MHz,
CKO, SDO=NC, - 13.0 15.0
OUTANn~OUTCn=0n
2011 12 V1.00



MB16023 LED PWM 3x4 LED
(Vpp=5.0V, Ta=25°C)
SDI-CKI ¢ tsu 7.5 - - ns
CKl 1 —SDI tip 7.5 - - ns
CKIT—CKO 1 teHL1 35 40 ns
CKIL—SDO T ¢ tPHL2 26 30 ns
GCLK 1t — OUTBO , OUTA1 , OUTB2 tfors 29 30 38 ns
1
(* "to* ”)|GCLK T — OUTC1, OUTA3 , OUTC3 e o7 35 43 ns
1
GCLK T — OUTA0 , OUTCO , OUTA2 fons Vi ep=4V 32 40 48 ns
1 VDS=1 .0V
Vin=Vop
GCLK 1 —0uTB1, OUTC2 , OUTB3 | |tPHLe V. =GND 37 45 53 ns
SOTAq lout=20mA
— OUTBO , OUTA1 , OUTB2 out 22 30 38 ns
GCLK 1 : , Tl R 1500
GCLK 1 —OUTC1, OUTA3 , OUTC3 1 |trLH4 C.=10pF 27 35 43 ns
(H ” to ““ ”) C1 =4.7UF
GCLK 1t —OUTAO , OUTCO , OUTA2 1 [tpLhs C2=0.1uF 32 40 48 ns
GCLK 1 —OUTBT , OUTC2 , OUTB3 1 |tpLre C3=4.7uF 37 45 53 ns
Ccro=8pF
CKI* tway Cspo=8pF 15 - - ns
OUTANn~OUTCn twom 38 - - ns
CKO/SDO tor 2.0 3.5 5.0 ns
OUTAN~OUTCn tor1 8.0 12.0 15.0 ns
CKO/SDO tor 2.0 3.5 5.0 ns
OUTANn ~OUTCn tor 12.0 16.0 20.0 ns
CKI* Fexi 0.2 - 10
E-GCLK Facik 22.0 24.0 26.0 MHz
Fosc 22.0 24.0 26.0
2011 12 V1.00
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MB16023 LED PWM 3x4 LED
(Vpp=3.3V, Ta=25°C)
SDI-CKI ¢ tsu 7.5 - - ns
CKI l _SDI tHD 75 - - nS
CKIT—CKO 1 tomLe 45 50 55 ns
CKIL—SDO T L tPHL2 34 38 42 ns
GCLK 1t — OUTBO , OUTA1 , OUTB2 tors 32 40 48 ns
(* "to =
GCLK t — OUTC1, OUTA3 , OUTC3 | [trHL4 40 48 56 ns
GCLK T — OUTAO0 , OUTCO , OUTA2 | |tpHLs 48 56 64 ns
GCLK 1t — OUTB1 , OUTC2 , OUTB3 | |terie &ESD:]“(\)/V 56 64 72 ns
GCLK 1t —-0uUTB0 , OUTA1 OUTB2 1 tpLH3 Vii=Vop 32 40 48 ns
V||_=GND
GCLK t—-0UTC1 | OUTA3 , OUTC3 1 tpLHa lout=20mA 40 48 56 ns
* "to* ") GCLK 1t —OUTA0 , OUTCO , OUTA2 1 |[trLHs gtzlggg 48 56 64 ns
GCLK T —0OUTB1 , OUTC2 , OUTB3 1 [tpLHs C1=4.7uF 56 64 72 ns
C2=0.1uF
CKI* 0 c3=4.7uF | 20 - - ns
Ccko=8pF
OUTANn~OUTCn twom Ceno=8pF 38 - - ns
CKO/SDO tor 3.0 6.0 9.0 ns
OUTANn ~OUTCn tor1 12.0 18.0 24.0 ns
CKO/SDO tor 3.0 6.0 9.0 ns
OUTANn~OUTCn tor1 30.0 35.0 40.0 ns
CKI* Feoki 0.2 - 10
E-GCLK Fecwk - - 20 MHz
Fosc 22.0 24.0 26.0
2011 12 V1.00
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MB16023 LED PWM_ 3x4 LED

Vieo
3
1 ] 1 1 Lo
¢ RE CF+ RE CF+ RET G+ RZ I
. 47 (F
Logic input 1
waveform -
Vik=VDD =
A\ “
ViL=GNDr = J IV
I — enD OUTA ™ Seeseemesess
- VinViL = —_— 1
Function *— CKI OUTED ¥
Generator SDI ouUT®
—| TEST1 OUTAI—
— TEST2 ouTBl—
Logic output Von, Vor, CKO ouTal—

waveform T . SDO ouTRl—

Von 7 J~ i
J—\ CCKOI Csoo Rom VDD2 oUTR[—
e
Voo == W * R EXTA  oute[—
= RAeAXt / R- E*TB -
WV ’v OUTA3

Rext //
Wedo—| R EXTC Gutml—
VRexT VDD -
I ouT
VDD loo
o o MBI6023

ATFT I 014F
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MB16023

LED

PWM_ 3x4

LED

CKiI

SDI

CKO

SDO

GCLK \ 50% f

OUTR2

50% 7

7%

1/Fe

teHLs

OUTA
OouUTR2

OouTCl

50%

Z—\_SO%Z

50

teLrs

teHL2 tor tor
90%\{- 90%
50%
10% 10%
F* M
tor tor
twom

%

_ terLg

OUTA3
OUTG

OouUTA

XK 50%

tPLH4

90%
10%

tOF1

90%
10%

QDRT

50%

nDHLs

OUT®
OUTA

OUTHBI

50%

Ly

tPLH5

50%

-

trhis

ouTZ
ouTB3

50%

tpLrs

50%

.

—
—
—
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MBI16023 LED PWM 3x4 LED
MBI6023 SPI-like (CKI sSDI)
MBI6023 PWM
(GCLK)
: SPI-Like (CKI1 sDI)
MBI6023 SPI-like (CKI SDI) CKI SDI
gL
sDI ’
1 0 1 0 1 0 1 0 1 1
(Phase-Inversed Output Clock)
MBI6023 CKO CKI
: CKl4
I: CKO1
[:CKO,
[I: CKO3
2011 12 V1.00
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MB16023 LED PWM_ 3x4 LED

MBI6023
1. (Prefix)
Silent-to-Reset CKI SDI
, 172 CKl
2. (Header)
3. (Data)
MBI6023
H[5:0]
6'b11 1111 16
6'b10 1011 10
MBI6023 SDI=1 (1'b1)
MBI6023 MBI6023 SDI=1 (1'b1)

15 2011 12 V1.00



MB16023 LED

PWM_ 3x4

LED

(Time-out Reset for Transmission Abort)

CF2[1:0] 95~172 CKI
CKI MBI6023 MBI6023
CKI (CF2[1:0]=11) MBI6023 CKI 95~172 CKI
95 CKi
CKI pulled-down for CKI pulled-down for
95 cycles 172 cycles
| |
I I
Will not time out ——  Possible to time out  —¢— Must time out
MBI6023 MBI6023
CKI CF2[1:0]=11 ( )
172 CKl
CKI  SDI CKI MBI16023 16
leading bit gray scale data leading bit gray scale data
|16 bits» 16 bits—p]| |16 bits 16 bits—|
Bel Prefix, [HIAT H]L[P[XI[L] Cov | B | Aw | -« +[ Co | B | Aar | Prefix [HIATHTLIPX[L] Cov [ Bn [ A |+« - [ Co | Bur | Aw |
cKI mmﬂ ...... ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ ..... Mﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ A [Wm nmm ...... ﬂﬂﬂﬂﬂﬂﬂﬂ ﬂmm ..... ﬂmnﬂmﬂm
| 1st data packet 0 2nd data packet »
The prefix > maximum value of CKI time-out period (172 / 86 / 44 / 22 cycles).
2011 12 V1.00
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MBI16023 LED PWM 3x4 LED
MBI6023 16 10 S-PWM PWM
MBI6023 S-PWM MBI6023 16
LED 65,536 PWM 64
PWM (GCLK)  12MHz ( ) S-PWM 16
12MHz/65536x64=11,718Hz
10 PWM 1,024 S-PWM PWM
S-PWM PWM
S-PWM PWM 64
16 65,536
S-PWM 16 1024 GCLKs
[<>|
[2] [B] wevermvevanananasanarasasarasasasasasasasssssnsnsnnnnnes
[P nl
= 16  PWM i
PWM 10 1,024
10 |
|l wnl
I‘ VI
10 PWM
16
PWM
0 0/2'
1 1/2'°
2 2/2"°
65535 65535/2'°
10
PWM
0 0/2°
1 1/2'°
2 2/2™
1023 1023/2"°
2011 12 V1.00
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MB16023 LED PWM_ 3x4 LED
16
16 16 MBI16023 12
(12x16=192 ) 48 MBI6023
leading bit gray scale data
}16 bits | |16 bits—p)|
Prefix | HIA[ H|L [P[X1]L] Ca | Ba Aw |+ - | Con Bon Am |+ Cos Bo Ao
j—— 48-bit Header e Each driver has 3 x 4 x16 bits =~ ——————————3|
(3x16 bits) e Total N drivers, data length: N x 3 x 4 x 16 bits
CKlI  SDI CKI CF2[1:0]=11 ( ) 172
48
47:42 | H[5:0] 111111 16
41:32 | A[9:0] 0000000000 10’b 0000000000
31:26 | H[5:0] 111111 H[S:0]
25:16 | L[9:0] sj
P[3:0]
P[O]  L[9:0]
L[9:0] 1 P[0]=1
L[9:0] 1 P[0]=0
P[1]  A[9:0]
A[9:0] 1 P[1]=1
15:12 | P[3:0] 0000~1111 A[9:0] 1 P[1]=0
P[2] H[5:0]
H[5:0] 1 P[2]=1
H[5:0] 1 P[2]=0
P[3]  P[2:0]
P[2:0] 1 P[3]=1
P[2:0] 1 P[3]=0
11:10 | X1[1:0] XX
9:0 | L[9:0] N-1
N=
192
16 x N MBI6023
191:0 | Can[15:0]~Aon[15:0] | 192b’0~192b1 —
o o OUTCan
2011 12 V1.00
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MBI16023 LED PWM 3x4 LED
10
10 10 MBI6023 12 (12x10=120
) 30 MBI6023
leading bit gray scale data
}—10 bits—p)| }—10 bits—|
Prefix | H | P | A | Csn | Bsn Asn Con | Bon | Aon | LI | Co Boq Aot
k— 30-bit Header t',: Each driver has 3 x 4 x10 bits R — |
(3 x 10 bits) k Total N drivers, data length: N x 3 x 4 x 10 bits ;}
CKl SDI CKi CF2[1:0]=11 ( ) 172
30
29:24 | H[5:0] 101011 10
P[3:0]
P[0] L[9:0]
L[9:0] 1 P[0]=1
L[9:0] 1 P[0]=0
P[1] A[9:0]
A[9:0] 1 P[1]=1
23:20 | P[3:0] 0000~1111 A[9:0] 1 P[1]=0
P[2] H[5:0]
H[5:0] 1 P[2]=1
H[5:0] 1 P[2]=0
P[3] P[2:0]
P[2:0] 1 P[3]=1
P[2:0] 1 P[3]=0
19:10 | A[9:0] 0000000000 10’b 0000000000
) ] N -1
9:0 | L[9:0] Ne
120
10 X N MBI6023 12
119:0 | C3n[9:0]~Aon[9:0] | 120b°0~120b’1 —_—
i ™ OUTCan
19. 2011 12 V1.00



MB16023 LED PWM_ 3x4 LED

1) MBI6023 +3%
+6%
2) LED (VE)

MBI16023 IOUT VS. VDS at VDD=5.0V

lout (mA)

Vobs (V)

MBI6023 IOUT VS. VDS at VDD=3.3V

lout (MA)

Vbs (V)

_o0.- 2011 12 V1.00



MB16023 LED PWM_ 3x4

LED

(Rext) (IOUT)

loyr(MA) MBI6024 Ry Vs. loyt
50
45 \

40 |

35 |

30

25 \

20
15 |
10 |

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Rex(Q)

(lour) (Rext) VRext

louta=(VrexT/Rexta)x23
louts=(VRext/Rex)X23
loutc=(VRrexT/Rexic)X23
Rexta Rexte  Rextc R-EXTA, R-EXTB, R-EXTC

0.61V

-21 -
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MB16023 LED PWM_ 3x4 LED

(Po)

PD (max) = (Tj,max - Ta) / Rth(j—a) I:>D (max)
MBI16023 F)D (max)
i=3
Pp=(Vpp X Ipp) + Z (loutai X Vpsai X Dutya; + loutsi X Vpssi X Dutyg; + loutci X Vpsci X Dutyc)
i=0
21« " PWM PWM
MBI6023 Maximum Power Dissipation at Various Ambient Temperature
Power Dissipation (W)
4.0
35 GP Type: Rth=68.63°C/W
GFN Type: Rth=42.12°C/W
3.0
2.5
2.0
1.5
10 Safe Operation Area
0.5
0.0
0 20 40 60 80 100
Ambient Temperature (°C)

o9 2011 12 V1.00



MB16023 LED PWM 3x4 LED
(Vieo)

Vieo
1.
2. LED

Vos=Viep—VF Viep LED Vbs Pb (act) Pb (max

Vbs
Vos=(Vieo—VE)-Voror
Vieo
}VDrop
VF{ VDS
f i MBI6023

LED

“Application Note for 8-bit and 16-bit LED Drivers- Overshoot”

2011 12 V1.00
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MB16023 LED PWM 3x4 LED
“Pb-free & Green” *
” Pb-Free & Green" RoHS 100%
(SnPb)
100% (SnPb) , J-STD-020C
Temperature ()
300
0
255 260 '3
250 245 15
240
N
217
200 30s max
Average ramp-up 6Rar?spir?1(;x;]
rate=0.7 /s —_—
150 — 100s max —»
100 Peak Temperature 245 ~260 < 10s
Average ramp-up \
rate 3 04 /s Average ramp-up
50 * rate=3.3 /s
25
0
0 50 100 150 200 250 300
—_—- Time (sec)
----Maximum peak temperature JEDEC J-STD-020C
—Recommended reflow profile
mm® <350 mm’ 350-2000 mm® 2000
<1.6mm 260 +0°C 260 +0°C 260 +0°C
1.6mm — 2.5mm 260 +0°C 250 +0°C 245 +0°C
2.5mm 250 +0°C 245 +0°C 245 +0°C
* “ Pb-free & Green Package”
2011 12 V1.00
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MB16023

LED

PWM_ 3x4

LED

D)

IO

IO

12

Dirmensions shown in inchs Dirmensions shown in millimetars
SYMBOLS
IR SO, MAK, TN NOIM, MAX.
A 0.053 0.064 0.069 1.346 1.626 1.753
Al 0.004 0.006 0.010 0.102 0.152 0.254
AZ — — 0.059 — — 1.499
0.337 0.341 0.344 8.560 2661 8.738
E 0.228 0.236 0.244 5.791 5.994 6.198
El 0.150 0.154 0.157 3.810 3912 3.988
b 0.008 — 0012 0.203 — 0.305
C 0.007 — 0.010 0.178 — 0.254
L 0.016 0.025 0.050 0.406 0635 1.270
e 0.025 BASIC 0.635 BASIC
L1 0.041 BASIC 1.0414 BASIC
o 0 — | s o | - ] s
MBI6023GP

-25-
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MB16023 LED PWM_ 3x4 LED

D
1
2 -
S 000000 !
MILLIMETER
SYMBOL
MIN | NoM | MAX
A 0.70 | 075 | 0.80
D2
Al — | 001 | 0.05
| h b 0.18 | 025 | 0.30
' .18 | 020 | 0.25
E T UUUU S
| D 3,90 | 4.00 | 410
— | — 1
| D2 2. 50REF
| _
= ‘ 2. e 0. 50BSC
2 1= ____+_____§_ = Ne 2, 5OBSC
— ‘ - Nd 2. 50B5C
— | - E 3,90 | 4.00 | 4,10
- |
— | E2 2. 50REF
|
i ﬂ!ﬂ N L 0.35 | 040 | 0.453
—-3-| _..u_.i h 0.30 | 0.35 | 0.40
Nd
MBI6023GFN
mm
GFN
C1-3.90mm
Y1-0.85mm ¥ ' = | K2 '
X1-0.25mm
C2-3.90mm 24|23 22 21 20 la—— 1
Y2-2.10mm
X2-2.10mm 1 18
2 17
g 16
25 2
4 15
3 14
6 13
7 8 8§ 10 11 12

o6 2011 12

V1.00



MB16023 LED PWM 3x4 LED
IC
< Part number
MBIXXXX © ID number >
E

_—

MBIXXXX © o

v

G:

IC
V1.00 A
V1.01 A
V1.02 A

()]

MBI6023GP SSOP24-150-0.64 0.11
MBI6023GFN QFN24-4*4- 0.5 0.0379

-27 -
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MB16023 LED PWM_ 3x4 LED
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