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RGB LED PWM 3 LED
° RGB LED 3 LED _
° 5~50mA Shrink SOP
[
° 17V
o 3~5.5V
) 10 (PWM Generator)
PY GP: SSOP16L-150-0.64
- (Daisy-chain)
- E\ﬁj‘ﬁ’:’f (Phase-Inversed Output Clock)
® (Polarity reversion) LED MOS
® RoHS
MBI6021 RGB LED PWM LED MBI6021 5mA  50mA
MBI6021 3.3V 5V
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MB16021 RGB LED PWM 3 LED

GND 1@ 16 VDD
POL 2 15 NC
R-EXTA 3 14 ‘OUTA
R-EXTB 4 13 "OUTB
R-EXTC 5 12 OuTC
NC 6 11 NC
CKI 7 10 CKO
SDI 8 9 SDO
MBI6021GP
1 GND
2 PoL LED LED
LED
3,4,5 R-EXTAB,C
14,13,12 OUTA,B,C
6 NC b
11 NC
15 NC
7 CKI
8 SDI
9 SDO
10 CKO
16 VDD 3.3V/5V
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MB16021 RGB LED PWM 3 LED

Vieo

v
:L
? 129 Vos

DC/DC Converter ’

W]

LDO %\.
Y
' %7 14

VDD OUTA OUTB OUTC
Jq GND ne 2 J2
VIN [] 2| poL e ] VOUT
GND GND
GCNKl:l) 7 K MBI16021GP cKO 10 I 8*,5]8
M 8 9. ]
SDI — connect to VDD SDI Sbo connectto VDD L SDO
| \‘o R- EXTA R EXTB R- EXTC o L
0Q TVS, TVS;
<L L v <
1. TVS~TVS; EOS (TVS) (off-state) (Co) 4pF
v TVS
2. C1""‘C2
3. ESD MBI6021
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MB16021 RGB LED PWM 3 LED

OUTA OuTB OUTC
p) Py I_JEI
m m
x
2T 3 3
VDD
PWM / > > / n /N
POLD—%—ZZJ 740 740 "| @ 770 7| O
\ A A A
4 10 4 10 4 10
> . o
A A
1 10 10 1 10
10
> &
sbl © > F: > o SDO
CKI © 7> > =>o O CKO
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MB16021 RGB LED PWM 3 LED

POL CKO SDO

PoLe + Y ﬁ— { CKO, SDO

CKl SDI

VDD

CKl,SDI©o %\/\/\/+ L‘E

R-EXTA B C OUTA B C

OouTC VDD

R-EXTA
R-EXTB
R-EXTC
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MBI16021 RGB LED PWM 3 LED
VDD 0~7 \
VO -0.4~Vpp+0.4 \%
Vi -0.4~Vpp+0.4 \%
OUTA ~OUTC Vbs -0.5~+17 \%
lout 50 mA
GND lonD 160 mA
( 25°C )* Po 1.66 w
( > Ring-a) 75.33 °C/W
T max 150 °C
IC Topr -40~+85 °C
IC Tsig -55~+150 °C
HBM(MIL-STD-883G
Class 3A
Method 3015.7 HBM -
) (4000V~7999V)
MM(JEDEC
Class C
EIA/JESD22-A115 MM -
) ( 400V)
* PCB 76.2mm*114.3mm JEDEC JESD51
: PCB
PCB
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MB16021 RGB LED PWM 3 LED

(Vpp=5.0V, Ta=25°C)

Voo - 4.5 5.0 5.5 Y
Vbs OUTA ~OUTC =off - - 17.0 \
IOUT 5 - 50 mA
lon CKO, SDO  Vou=4.8V 25 3.0 3.8 mA
IOUT VDS=1 7.0V - - 1.0 HA
lour=20mA
( ) dlour Vi) Or\”/ Rex=20Q - 15 | 30 | %
lour=20mA
( ) dlour2 (7 Or\”/ Rex=20Q - +30 | 60 | %
vs. * %/dVps  [Vbs 1.0V 3.0V - +0.1 05 | %NV
vs. * %/dVop [Vop 2.7V 5.0V - +1 +2 %IV
CKI SDI POL Vi - 0.73xVop| - Voo v
V||_ - GND - 0.28XVDD V
CKO SDO VOH |OH=-3.0mA VDD'O-2 - \
VoL lo.=+3.0mA - - 0.2 Y
R-EXTA B C Virext OUTA ~OUTC =On 0.36 0.41 0.44 Y
POL Rn(up) |- - 470 - KQ
NC Rin(down) |- - 470 - KQ
Rex=10Q, CKI=Low,
« » Iop(0ff) CKO, SDO= NC, - 2.0 3.5
OUTA ~OUTC = Off
Rex=20Q, CKl=Low,
ax CKO, SDO= NC, - 2.0 4.0 mA
OUTA ~OUTC = On
lop(on)
Rex=20Q, CKI=10MHz,
CKO, SDO= NC, - 35 45
OUTA ~OUTC =On

*%*
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MB16021 RGB LED PWM 3 LED
(Vpp=3.3V, Ta=25°C)
Vb - 3.0 3.3 3.6 \%
Vbs OUTA ~OUTC = Off - - 17.0 v
IOUT 5 - 50 mA
loH CKO, SDO at Vou=3.1V 1.8 2.0 2.8 mA
loL CKO, SDO at Vg, =0.2V 1.8 2.0 3.4 mA
|OUT VDS=17.0V - - 1.0 |JA
lout=20mA
( dour (v |Rex=200 - 15 | 30 | %
lout=20mA
( dourz (g gy |Rex=200 - £30 | 60 | %
VS. * %/dVps  |Vbs 1.0V 3.0V - +0.1 +0.5 %IV
VS. * %/dVpp Voo 2.7V 3.3V - 11 12 %IV
CKI SDI POL Vi - 0.73xVoo| - Voo | V
V||_ - GND - 0.28XVDD V
CKO SDO Von lon=-2.0mA Vpp-0.2 - - V
Vo|_ |O|_=+2.0mA - - 0.2 \%
R-EXTA B C VRexT OUTA ~OUTC =On 0.36 0.41 0.44 \%
POL Rin(up) |- - 450 - KQ
NC Rin(down) |- - 450 - KQ
Rex=10Q, CKl=Low,
. lbo(off)  |CKO, SDO= NC, ; 15 | 25
OUTA ~OQUTC =0ff
Rex=20Q), CKI=Low,
" CKO, SDO= NC, - 1.5 25 | mA
o OUTA ~OUTC =On
|DD(On)
Rex=20Q), CKI=10MHz,
CKO, SDO= NC, - 2.5 3.5
OUTA ~OUTC =0On
Vop Vieo
lop P J_
2 ~Ci lout loutr ||lour 5
14 l 81HF z?.?pF l l l I§.7pF
&N VDD T 1
"R M [ NC [— - -
J_ RAS?V ) d R- EXTA OUTA S
= \A—ie| R-EXTE  GUTB o
ext // -
MA~4-e] R- EXTC o
VRrext 4’/'_ NC OU;—E I \VDS
Function *— CKI CKO
Generator o—| spI SDO [—e——]
Logic input Vin Vi Vor VoL Cano Coxo Logic output
waveform MBi6021 :_|: :_|: waveform
V|H=VDD """ - - VOH """
v\ o\
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MB16021 RGB LED PWM 3 LED
(VDD=5.0V, Ta=25°C)
CKll - SDI tS(D) 7.5 - - ns
SDI - CKI| thio) 7.5 - - ns
CKlT—CKOi tehL1 20 25 30 ns
(* "to" ") i} Viep=4V

SDO|-CKO?t tpHL4 Vpe=1.0V 2 4 6 ns

~ t Vin=Vop - 5 - ns
OUTA ~OUTB SD Vi =GND
OouTB~O0OUTC tSD |OUT=20mA - 5 - ns

N R =150Q j j
CKI tway C.=10pF 15 ns
OUTA~OUTC twom C1=4.7uF 250 333 500 ns
C2=0.1uF
OUTA~OUTC |t Ccro=18pF 9 11 13 ns
OUTA~OUTC OR1 Cano=18pF
CKO/SDO ter 2.0 4.0 6.0 ns
OUTA ~OUTC tor 15 20 25 ns
CKI* Fecki 0.08 - 10
MHz
Internal GCLK Fecik 2 3 4
2010 6 V1.00




Iop
C, Cq c
0.1uF| 4.7uFCt5
VDD

[

N\
r GND L
o NC [—
ext AN
R R- EXTA OUTA o
ext
R- EXTB OuUTB o
Rext
R- EXTC ouTC et SR
= —1NC NC [— \ Vos
Function *— CKI CKO |—e
Generator e—| SDI SDO —0—_|
L. VIH:VIL
Logic input MBI6021
waveform

Viy=VDD 4/—\\
V|L=GND -

ke
F-1e

Vou
VoL

Logic output
waveform

/L

MB16021 RGB LED PWM 3 LED
(Vpp=3.3V, Ta=25°C)

CKll — SDI tS(D) 7.5 - - ns
SDI - CKI| tho) 75 - - ns
CKlT—CKOi terL1 29 37 45 ns

¢ "ot SDO|-CKO? tprLs Viep=4V 4.5 5.5 6.5 ns

VDS=1 .0V
OUTA ~OUTB tSD VIH=VDD - 7 - ns
- V||_=GND
OUTB~OUTC |tso lour=20mA - 7 - ns
R, =150Q
CKI tw(l) C:::»] OpF 15 - - ns
OUTA ~OUTC |t C1=4.7uF 250 333 500 ns
OUTA ~OUTC WDM 02=0.1UE
CKO/sSDO ter C3=4.7uF 3.0 5.0 7.0 ns
STA N~ Ccko=18pF
OUTA~OUTC tor1 Copo=18pF 14 17 20 ns
CKO/SDO ter 3.0 5.0 7.0 ns
OUTA ~OUTC tort 22 25 28 ns
CKI* Fexi 0.08 - 10
MHz
Internal GCLK Fecwk 2 3 4
Voo Vieo
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MB16021

RGB LED

PWM 3 LED

CKO SDO

twy

50% Z \ 50%

CKI

7

1/Feki

\

CKO

tor tor

SDO * 50%

90%j AKLQO%
10% 10%
o N

tor tor

90% 90%
10% 10%

tOF1 tOR1

le twom
GCLK 50%
OUTA °0%
tSD
T
ouTB 50%
tSD
gl
OuTC 50%

\ /
\ /

-1 -
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MB16021 RGB LED PWM 3 LED
MBI6021 SPI-like (CKI SDI)
MBI6021 PWM
(GCLK)
: SPI-Like (CKI SDI)
MBI6021 SPI-like (CKI  SDI) CKI SDI

SPI-Like Interface (CKIl, SDI)

oo JLJLTLTL

SDI

juiNis

Value 1 0 0 1 0

(Phase-Inversed Output Clock)
MBI6021 CKO

: CKly

CKO;

CKO;

CKI

CKO3

-12 -
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MB16021 RGB LED PWM 3 LED

MBI6021
1. (Prefix)
Silent-to-Reset CKI  SDI

64 {5 CKI

2. (Header)
[l ok
3. (Data)
MBI6021
H[5:0]
6'b10 1011 10
MBI6021 SDI=1 (1'b1) 6
MBI6021 MBI6021 SDI=1 (1'b1)
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MBI16021 RGB LED PWM 3 LED
MBI6021 10 1,024 PWM (GCLK) 3MHz PWM 3&i 10
: 3MHz/1024=2,930Hz
10
PWM
0 0/2"°
1 1/2"°
2 2/2™°
1023 1023/2"°
10
10 10 MBI6021 3
(3x10=30 ) 30
leading bit gray scale data
10 bits—| 10 bits—|
Prefix [H]X] A | L | o | By | AW |« | G B+ A
|4— 30-bit Header —*—Each driver hasSx10bits—H
(3 x10 bits) f——— Total N drivers, data length: N x 3 x 10 bits N
CKI  SDI CKI (64 CKI )
30
29:24 | H[5:0] 101011 10
23:20 | X[3:0] 0000 (g i i 0000
19:10 | A[9:0] 0000000000 ' 10’b 0000000000
9:0 L[9:0] N-1. N=
30
N OUTC 10
29:20 | C\[9:0] 0000000000~1111111111 — 10
ouTC Cn[9:0]/2"°.
N OUTB 10
19:10 | BN[9:0] 0000000000~1111111111 —_— 10
ouTB Bn[9:0]/2".
N OUTA 10
9:0 | An9:0] 0000000000~1111111111 — 10
OUTA An[9:0)/2".
2010 6 V1.00
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MB16021 RGB LED PWM 3 LED

PWM

MBI6021

MBI6021 PWM PWM

(Time-out Reset for Transmission Abort)

23~64CKI CKI MBI6021 MBI6021
23~64 CKI
23 CKl CKI *E:”ﬁ\}%i%‘? 64 CKl MBI6021
CKI pulled -down for CKI pulled- down for
23I cycles I64 cycles

I
Will not time ouf ™" Possible to time out ’l‘ Must time out

CKI YR 64 CKI MBI6021
MBI6021 CKI
64 CKI 10
leading bit gray scale data leading bit gray scale data
l 10bits 9 =10 bits—| e 10bits 10 bits—|
soI Prefix,  [H[XTJA T LT C [ B [ A J-vuo[ G | B | A | Prefix [HIXTAT LT & [ By [ A Jee-[ & [ B [ A ]
CKI ""ﬂﬂﬂﬂ"'ﬂW"ﬂﬂﬂﬂﬂ"ﬂﬂﬂﬂ ...... ﬂﬂ.ﬂﬂ ..m’wm.... . M....M...M..Wm..mm ...... MW[..M”M..
f— 1st data packet l 2nd data packet |

e

The prefix > maximum value of CKI time-out period (64 cycles).

15 2010 6  V1.00



MB16021 RGB LED PWM 3 LED

1) MBI6021 3%

+6%
2) LED (V)

MBI6021 Vps Vs. lout @ Vpp=5V

lout(mA)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Vps(V)

MBI6021  Vpg vs. loyt @Vpp=3.3V

lout(mA)

0.0 0.5 1.0 2.0 2.5 3.0

1.5
Vos(V)
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MB16021 RGB LED PWM 3 LED

(Rext) (IOUT)
lour(MA) MBI6021 R, VS. loyr
50
40
30
20
10
0
0 10 20 30 40 50 60 70 80 90
Rext(Q)
(lour) (Rext) VRrexT 0.41V

louta=Vrext/Rexa
louts=Vrext/Rexs

loutc=Vrext/Rexic
Rexa Rexie Rexic R-EXTA, R-EXTB, R-EXTC
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MB16021 RGB LED PWM 3 LED

(Po)

PD (max) = (Tj,max - Ta) / Rth(j—a) I:>D (max)
MBI6021 Pb (max)

Po=(Vooxlpp)*[loutaX(Vosa—Vrexta)l*[louteX(Vose—Vrexte)]HloutcX(Vosc —Vrextc)]

MBI16021 Maximum Power Dissipation at Various Ambient Temperature
Power Dissipation (W)

4.0

GP Type: Rth(j-a)=75.33"C/W

3.5

3.0
25

2.0

1.0 Safe Operation Area\

0.5

0.0

0 10 20 30 40 50 60 70 80 90 100
Ambient Temperature ()
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MBI16021 RGB LED PWM 3 LED
(Viep)
VLED
1.
2. LED
Vps=Viep—VF Viep LED Vbs Pb (act) Pb (max)
Vbs
Vps=(ViLep—Vr)-Voror
Vieo __, s
}VDrop
Ve { Vbs
® @
MBI16021
LED
“Application Note for 8-bit and 16-bit LED Drivers- Overshoot”
2010 6 V1.00
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MBI16021 RGB LED PWM 3 LED
17 ” *
Pb-free & Green
” Pb-Free & Green" RoHS 100%
(SnPb)
100% 215 240 (SnPb)
J-STD-020C 245 260 ( )
Temperature (C)
300
5 o +0
255C 260 R&
250 245C15C
240C
N
217C
30s max
200
Average ramp-up g%'?ﬁ(%:?
rate= 0.7C/s —_—
150 — 100s max ——»
100 Peak Temperature 245°C ~260°C< 10s
Average ramp-up \
rate = 0.4C/s Average ramp-up
50 * rate= 3.3C/s
25
0
0 50 100 150 200 250 300
— Time (sec)
----Maximum peak temperature
—Recommended reflow profile J-STD-020C
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”

-20 -
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MBI16021 RGB LED PWM 3 LED
HARAEE T & o :
| \ WITH b
PLATING
j m :‘ H : H Ht* | fu DETAIL B
D

SEATING PLANE

I GUAGE PLANE
| SEATING PLANE

SO Dimensions shown in inchs Dimensions shown in millimeters
MIN. NOM. MAX. MIN. NOM. MAX.
A 0.053 — 0.069 1.346 — 1.753
Al 0.004 — 0.010 0.102 — 0.254
A2 0.049 — 0.059 1.245 — 1.499
b 0.008 — 0.012 0.203 — 0.305
b1 0.008 0.010 0.011 0.203 0.254 0.279
c 0.007 — 0.010 0.178 — 0.254
cl 0.007 0.008 0.009 0.178 0.203 0.229
D 0.189 0.193 0.197 4.801 4.902 5.004
El 0.150 0.154 0.157 3.810 3.912 3.988
E 0.228 0.236 0.244 5.791 5.994 6.198
L 0.016 — 0.050 0.406 — 1.270
e 0.025 BASIC 0.635 BASIC
o 0 — 8 0 — 8
MBI6021GP
mm

-21-
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MB16021 RGB LED PWM 3 LED
IC
< Part number
MBI © ID number >
o <
MBIXXXX © o l i
G:
IC
V1.00 A
13N =
" i BIRAL
(9)
MBI6021GP SSOP16L-150-0.64 0.067¢g
2010 6 V1.00
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MB16021 RGB LED PWM 3 LED
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