Macroblock
PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

0:0 MBI6033

Features
®  Supply voltage
- 6V to 24V by internal LDO
- 3.3V / 5V direct input
®  3x4-channel constant-current sink driver for LED strips

Shrink SOP

- Constant current range:
3mA to 45mA @ Vop=6 ~24V or Vop=Vca=5V
3mA to 30mA @ Vob=Vca=3.3V

- 3 groups of current gain

- Sustaining voltage at output channels: 28V (max.)
® Embedded 16-bit PWM generator GP: SSOP24L-150-0.64
- Gray scale clock generated by the embedded oscillator
- 16-bit S-PWM patented technology
® Reliable data transmission

Thin Shrink SOP

- Daisy-chain topology

- Two-wire transmission interface

- Phase-inversed output clock

- Built-in buffer for long distance transmission

®  Selectable output polarity to work as a PWM controller

®  RoHS-compliant packages GTS: TSSOP24L-173-0.65
. SSOP-24
- TSSOP-24 Quad Flat No-Lead
- QFN-24

Application
® | ED strips
®  Mesh display GFN: QFN24L-4*4-0.5

®  Architectural lighting
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Product Description

MBI6033 is a 3x4-channel, constant-current, PWM-embedded sink driver for LED strips. MBI6033 provides
constant current ranging from 3mA to 45mA for each output channel and are adjustable through only single
external resistor and corresponding current gain settings. Besides, MBI6033 supports 6V to 24V wide range power
systems and sustains 28V at output channels.

With Scrambled-PWM (S-PWM) technology, MBI6033 enhances pulse width modulation by scrambling the “on”
time into several “on” periods to increase visual refresh rate at the same gray scale performance. Besides, the gray
scale clock (GCLK) is generated by the embedded oscillator. Moreover, MBI6033 provides 16-bit gray scale which
provides 65,536 gray scales for each LED to enrich the color.

3 independent 7-bit current gain settings are built-in MBI6033, so the user can set independent output current for
R/G/B LED by a single current set resistor and current gain instead of 3 current set resistors.

In addition, MBI6033 features a two-wire transmission interface to make cluster-to-cluster connection easier. To
improve the transmission quality, MBI6033 provides phase-inversed output clock to eliminate the accumulation of
signal pulse width distortion. MBI6033 adopts manual-synchronization to maintain the synchronization of image
frames between ICs. MBI6033 has selectable polarity to drive high-power drivers or MOS as a PWM controller.
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current

Sink Driver for LED Strips

QFN24

Pin Configuration

S50pz4 TSs0P24

TA1

0OUTB1

OUTAO
OUTBO
QUTCO

Ly =] S
REXT 1 e 2 A REXT 1@ ~ 24 CA
GND 2 23 VDD GND : 23 VoD
oNo : 2 PoL GND 3 ! : 2 POL NC GND
0UTCO 4 21 OUTA3 aUTeo 4 : 1y OUTAS . o
OUTBO 5 20 OUTB3 OUTBO 5 1 : 20 OUTE3
OUTAD W © 19 WM OUTC3 ovtAo Bl 5 ! 119 |l OUTC3 - e
ourct Wl 7 18 Jll 0UTAZ ourci M 7 1 e 1 1s B ouTaz o oL
L. o ourst Ml & ! |17 @outEz o m
UTC: TR
NC 10 15 GND OUNTCM 190 : : ig O;\II([;Z GND oD
s 11 14 DO 1 !
CKI 12 13 CKO zz: 1; e I 12 2:;)
TOPVIEW TOP VIEW ‘g = B B B E
TOP VIEW
MBI6033GP MBIB033GTS MBI6033GFEN
Terminal Description
Pin . ... .
GP GTS* GEN* Names Attribute | Description and function
1 1 16 REXT o Input ter_mlnals for setting output current by
connecting to an external resistor
2,3,15 2,3,15 6,17, 18 GND P Ground terminal
4,5,6 4,5,6 19, 20, 21 | OUTAO, BO, CO 0o Output terminals for constant-current output
7,8,9 7,8,9 22,23,24 | OUTAL B1,C1 O Output terminals for constant-current output
10 10 1 NC - Leave it unconnected
11 11 2 SDI I Input terminal for serial data input
12 12 3 CKI | Input terminal for clock input
13 13 4 CKO O Output terminal for clock output
14 14 5 SDO 0] Output terminal for serial data input
12 17, 16, 17,18 | 10, 11,12 | OUTA2, B2,C2 O Output terminals for constant-current output
;? 20, 19,20,21 [ 7,8,9 OUTA3, B3,C3 O Output terminals for constant-current output
For selecting output polarity
POL pin = High — PWM mode (DCDC)
1. The output channel is high active
2. Only operable with none current gain
mode. The command and input data type
should be the same as without current
22 22 15 POL | gain.
POL pin = Low (default) — constant current
mode (LED)
1. The output channel is low active
2. Operable with or without current gain, the
command and input data type should follows
accordingly.
23 23 13 VDD P Input voltage, 3.3V/5V/6~24V
Connecting a capacitor to GND to enhance
24 24 14 CA © the stability of CA
- Thermal Thermal Thermal Pad - Heat dissipation pad*, please connect to
Pad Pad GND

*The desired thermal conductivity will be improved on condition that a heat-conducting copper foil on PCB is soldered

with thermal pad.
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Typical Application Circuit

J3
VIN _‘[ : . DC/DC Converter —ﬁﬂ—v
GND il LED
B TVS;, L : :
c,L
1uF T 23 4 21¢Vos
= o4 VDD OUTCO - OUTA3
VIN [ ] J1 C. L 2fcn Jy |
0.1uF ; VOUT
D= I 1 spi MBIe033 spo P4 r L ORD
Y option
Np T 12] cki cko 3 gx L H&Ng
GND GND GND POL REXT TP
TE|Tvs, T BE | TVS,
L L
= V|H =
TP=Thermal Pad
MBI6033GTS Application Circuit
Note:

1. TVS1~TVSs are Transient Voltage Suppressor (TVS).

2. C1~C2 are required. The values of the C1~C: are reference only. Tantalum capacitors and Ceramic capacitors are
recommended.

3. For hot plug, system grounding, connector design, external ESD protection, or detailed circuit information,
please refer to the “MBI6033 Application Note” for detailed information.
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Block Diagram
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Equivalent Circuits of Inputs and Outputs

CKO. SDO terminals CKIl. SDI terminals

VDD

{ CEO,. 5D0O CKLSDI

REXT terminals OUTAN. Bn. Cn termainal
OUTAR

VDD OUTBn.

| 1 OUTCn

R-EXT —
ALY | -
A - =
1
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Maximum Rating

Characteristic Symbol Rating Unit

Supply Voltage VoD 0~28 \
LDO Output Voltage Vea -04~55 Y,
Sustaining Voltage at CKI, SDI Pins ViN -0.4 ~ Vcat+0.4 \%
Sustaining Voltage at CKO, SDO Pins Vour -0.4 ~ Vcat0.4 \%
Sustaining Voltage at ouTn Pins Vbs -0.4 ~ +28 \Y
Output Current per Output Channel lout +50 mA
GND Terminal Current lenD 630 mA

GP Pb 1.65 W
Heat dissipation GTS Po 201 W
(On 4-Layer PCB, Ta=25°C)*

GFN Pb 3.03 W
Thermal Resistance GP Ring-2) 2.7 ‘CIwW
(By simulation, on 4-Layer GTS Ring-a) 59.6 °C/wW
PCB)* GFN Rin-2) 39.5 °C/IW
Junction Temperature Tjmax 150** °C
Operating Ambient Temperature Topr -40 ~ +85 °C
Storage Temperature Tstg -55 ~ +150 °C

(Tﬂﬂrﬂgr}g?gg:s,\é()de HBM C'(%SSV?A i

Method 3015.8)
ESD Rating Machine Mode

(ANSI/ ESD S6.2- MM C(IZS(S)\%M ]

2009)

*The PCB size is 76.2mm*114.3mm in simulation. Please refer to JEDEC JESD51.
** Operation at the maximum rating for extended periods may reduce the device reliability; therefore, the suggested
junction temperature of the device is under 125°C.

Note: The performance of thermal dissipation is strongly related to the size of thermal pad, thickness and layer
numbers of the PCB. The empirical thermal resistance may be different from simulative value. Users should plan for
expected thermal dissipation performance by selecting package and arranging layout of the PCB to maximize the
capability.
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Electrical Characteristics (Vpp=6.0~24.0V or Vpp=V,=5V, Ta=25°C)

Characteristics Symbol Condition Min. Typ. Max. Unit
- 6 - 24 \Y,
Supply Voltage VoD
Vop=Vca 4.5 5 55
Sustaining Voltage at OUT
Ports J g Vbs OUTAn ~ouTCn = Off - - 28 v
Refer to “Test Circuit for
Output Current lour Electrical Characteristics” 3 ) 45 mA
lon CKO, SDO at Von= Vca- 10 18 i mA
Driving Current 0.2v
loL CKO, SDO at Von=0.2V 1.0 1.8 - mA
Vps = 28.0V,
Output Leakage Current lout OUTAn ~ oUTcn = Off - - 1.0 MA
Current Skew (Channel) dlours '\‘/’SST: f%r{‘/A Rexi=1.8KQ : +15 | 430 | %
Current Skew (IC) dlour2 '\‘/’SST: f%r{‘/A Rexi=1.8KQ : +15 | 460 | %
Output Current vs. o o i 0
Output Voltage Regulation* %/dVbs | Vbs within 1.0V and 3.0V 0.1 0.5 %/V
Output Current vs. o o i 0
Supply Voltage Regulation* %/dVop | Vop within 6V and 24V +1.0 2.0 Y
Input Voltage of | “H” level | Vi - 0.8 x Ve - Vea Y%
CKIl and SDI
Pins “L” level Vi - GND - 02xVea | V
Output Voltage | “H” level | Vo lon=+1.8mA Vea- 0.2 - - v
of CKO and
SDO Pins “L” level VoL loL=-1.8mA - - 0.2 \Y
Voltage at R-EXT VREXT OUTAn ~ouTcn =0On 0.57 0.60 0.63 \%
Knee Voltage* Viknee - - - 1.2 \%
All channel off, REXT open 15 3 4.5
i All channel off
Off loo(0ff) | Rex=1.8KQ, IOUT=20mA c ; 9
CKIl, SDI=Low,
CKO, SDO=NC,
Rext=1.8KQ, IOUT=20mA
Supply Current** CKIl, SDI=Low, 6 8 9 mA
CKO, SDO=NC,
“On” Ion(on) All channel on
PP Rex=1.8KQ, IOUT=20mA
CKI=10MHz
’ 1 12
CKO, SDO=NC, 8 0
All channel on

*One channel turns on.
** The supply current may vary with the loading conditions.
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Electrical Characteristics (Vpp=Vca=3.3V, Ta=25°C)

Characteristics Symbol Condition Min. Typ. Max. Unit
Supply Voltage Vob Vop=Vca 3.0 3.6 \
Sustaining Voltage at OUT
Ports g ¢ Vbs OUTAn ~OuUTCn = Off - - 28.0 Y,

Refer to “Test Circuit for
Output Current lour Electrical Characteristics” 3 i 30 mA
o lon CKO, SDO at Von=Vca-0.2V 1.0 1.8 - mA
Driving Current
loL CKO, SDO at Von=0.2V 1.0 1.8 - mA
Vps = 28.0V,
Output Leakage Current lout OUTAL ~OUTCn = Off - - 1.0 MA
Current Skew (Channel) dlours {‘;;:f%r{‘f Rexi=1.8KQ : £15 | 30 | %
Current Skew (IC) dlour2 {‘;;:f%r{‘f Rexi=1.8KQ i 15 | 60 | %
Output Current vs.
Output Voltage %/dVps | Vbs within 1.0V and 3.0V - 0.1 +0.5 %/V
Regulation*
Output Current vs.
Supply Voltage %/dVop | Vop within 3.0V and 3.6V - £1.0 2.0 %/
Regulation*
“a
Input Voltage of | level Vi ) 08xVea | - Vea v
CKI, SDI Pins L Vi . GND - | 02xVea | V
level
Output Voltage Iel\-/lel VoH lon=+1.8mA Vea-0.2 - - \%
of CKO, SDO K
Pins level VoL loL=-1.8mA - - 0.2 V
poltage at R-EXTA.B,C Veexr | OUTAn ~ OUTCn =On 057 | 060 | 063 | V
Knee Voltage* Vknee - - 1.0 1.2 Y
All channel off, REXT open 15 3 4.5
> .., All channel off
Off loo(0ff) | Rex=1.8KQ, IOUT=20mA . . 9
CKI, SDI=Low,
CKO, SDO=NC,
Rext=1.8KQ, IOUT=20mA
Supply Current** CKIl, SDI=Low, 6 8 9 mA
CKO, SDO=NC,
“on” Ion(on) All channel on
PP Rex=1.8KQ, IOUT=20mA
CKI=10MHz,
CKO, SDO=NC, 8 10 12
All channel on

*One channel turns on.
**The supply current may vary with the loading conditions.
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Switching Characteristics (Vpp=6.0~24.0V; V:,=Vpp=5V, Ta=25°C)
Characteristic Symbol Condition Min. | Typ. | Max. | Unit
CKIT-CKO| tp1 11 16 21 ns
Propagation | CKO|-SDO tp2 15 25 35 ns
delay time SDI(n+1) — SDO(n) trs Test condition: wd* wd* wd* ns
(“H” to "L” or VLED =4V
“L” to “H") CKIl(n) — CKI(n+1) tra VDS = 1V f;:jt \t;ét t;:;‘ ns
CKO|-SDI tes IOUT=20mA 15 | 25 | 35 ns
 _ CKO/SDO/SDI tor | Rex=1.8KQ 2 5 8 ns
Rise Time e — RL =150Q
OUTA ~ outc tor1 CL = 10pF 10 20 30 ns
Eall Tim CKO/SDO/SDI tor Ci =4.7uF 2 5 8 ns
al lime OUTA ~ ouTtc tor1 C2 =0.1uF 20 30 40 ns
Hold Time SDI-CKI| tHo) Cs =4.7uF 8 - - ns
Setup Time | CKI|-SDI ts () 8 - - ns
Pulse Width | CKI tw 15 - - ns
Flat(AWG26),
CKI Feki 50cm distance 0.2 - 10 MHz
Frequency
PWM clock Fpeke | - 8.0 10 12.0 | MHz
Internal oscillator - - 8.0 10 12.0 | MHz
Timeout period** timeout | - 21 - - uS
Note:

* wd: is wire delay , which is dependent on wire distance and wire material.
**The period of internal OSC is 8MHz (min.) ~ 12MHz (max.), so the time-out period is 168x83.3ns (13.9us) ~
168x125ns (21pus).

***The Gray Scale Clock Frequency is 12MHz (max.) when the GCLK=frequency of internal oscillator.
****The maximum frequency may be limited by different application conditions. Please refer to the application note
for details.
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MBI16033

PWM-Embedded 3x4-Channel Constant-Current

Sink Driver for LED Strips

Switching Characteristics (Vpp=Vca=3.3V, Ta=25°C)

Characteristic Symbol Condition Min. | Typ. | Max. | Unit
_ CKI1-CKO| tp1 18 23 28 ns
g;‘l’:yagr?:g’” CKO|-SDO te | oo [ 20 |30 | 40 | s
(‘H'to’L” | .SPI(n+1) -~ SDO(n) s | LED =av wd* | wd* | wd* | ns
or’L"to CKI(n) — CKI(n+1) g | VDS=1V tort | tort | terk |
“H) IOUT =20mA | wd® | wd” | wd
CKO|-SDI tps Rext = 1.8KQ 20 30 40 ns
Rise Time CKO/SDO/SDI tor R. =1500hm 2 5 8 ns
OUTA ~ ouTC tor1 CL =10pF 10 20 30 ns
Fall Time  |-CKO/SDO/SDI tor g TS'Z“E 2 5 8 ns
OUTA ~ ouTC tor C:2; ;4.7EF 30 50 70 ns
Hold Time | SDI-CKI| to) | o =0.1uF 10 - - ns
Setup Time | CKI|-SDI ts o) 10 - - ns
Pulse Width | CKI tw 15 - - ns
Flat(AWG26),
CKI Fexi 5OCr(n distan():e 0.2 - 10 MHz
Frequency
PWM clock FrckL - 10.0 | 12.0 | 14.0 | MHz
Internal oscillator - - 10.0 | 12.0 | 14.0 | MHz
Timeout period** ttimeout 16.8 - - us

Note:

* wd: is wire delay , which is dependent on wire distance and wire material.
**The period of internal OSC is 1T0MHz (min.) ~ 14MHz (max.), so the time-out period is 168x71.42ns (12us) ~
168x100ns (16.8us).

***The Gray Scale Clock Frequency is 14MHz (max.) when the GCLK=frequency of internal oscillator.

****The maximum frequency may be limited by different application conditions. Please refer to the application note

for details.

-1 -
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Test Circuit for Electrical / Switching Characteristics

-/
GND OUTAOD
Logic input —
g P - GND ouTBO
waveform ¥
V,=VDD- — Vi Vi GND ouTCco b
V. =GND ﬂ VouVoL \\\\ POL OUTA1 [—
" Function \\\ ‘\‘e CKI OUTB1 [—
Logic output Generator A\ S Y ) ouTCt —

waveform \e‘ﬁh'OL Ko oUTA
Von == \
Ccko Csnﬂ_ * sSDO ouTB2 —
- «— 1
Vou CA ouTC2 [—
C R xt /7
cA J:“RWT REXT OUTA3 |[—

/ N i
I = VE/\,' ouTB3 [—
e REXT
DD

VDD ouTC3
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PWM-Embedded 3x4-Channel Constant-Current

MBI16033
Sink Driver for LED Strips

Timing Waveform

Write mode for even IC

— 1/FCKI EEE—
« t, e L,
CKIl
‘t i’ ' t t '
P1 ' s(D) >a H(D) .
SDI
CKO
tPZ
>
SDO 3
Write mode for odd IC
I JI,FCKI[WM} é
4— tW[WM)—P"— tW[WM)—’é
CKI N A \ /
o
t, l Lo > o l
SDI
X K
cKO _____/ \ N
t
<
SDO (

Note:
Even IC means 0th, 2nd , 4th, ... IC connected to controller

Odd IC means 1st, 3rd, 5th ... ICs connected to controller

March 2022, VA.00
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Output Timing

Tor / Tor
90% 90%
CKO
10% 10%
tor tor
90% 90%
Sbo \ / EHO% 10%£ \
tor tor
Tor1 / Tor1
Owom
GCLK 1 ey \ / \ /
—
E 90% 90%
OUTA 50 50%
K 10% 10%
ts tor tori
? torz torz
OUTB 3\50% / \ /
tso
ouTC > / \ /
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Data programming sequence

CKIy—\ [\ [\ [\ [\ [\ [ AR

SDI X 47th X 46th X Y 0th X MSB of ICH( Y LSB of ICny YMSB of ICO ¥ Y(LSB of |cd)i
E Header |
- * < T > <
: (not including ; Data ,

timeout)

The above figure shows an application example of MBI6033. The drivers are connected serially and the data
sequence sent by the controller is shown in above figure. All commands are composed of “Header” and “Data”, as
shown in the above figure.
The programming data sequence is from ICn, ICn-1, ... to ICO and for each IC, MSB bit is sent first.

(Please also refer to sec. of “The structure of data packet”)

Control Interface

LT

sDI

MBI6033 adopts the SPI-like interface (CKI/SDI). By SPI-like interface, MBI6033 samples the data (SDI) at the falling
edge of the clock (CKI).The above waveform is the example of the SPI-like interface.
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Principle of Operation

MBI6033 receives the data packet containing targeted gray scale data from the controller, and turns on the output
channels according to the gray scale data. The gray scale clock of PWM generator, GCLK, is generated by the
embedded oscillator. MBI6033 provides SPI-like interface (CKI, SDI), a two-wire only transmission interface, to
address the data, so that MBIG033 receives the data directly without latching data.

Input Voltage Regulation

MBI6033 integrates a LDO which can convert 6~24V input voltage to 5V to supply the internal circuit. A user can
connect a capacitor in CA pin to compensate LDO. Although CA is an output pin, the driving current is very tiny. Do
not use the output of CA pin to drive any device. If a user would like to power MBI6033 by regulated 5V or 3.3V,
connect both Vpp and CA pins to regulated 5V or 3.3V.

Grayscale Control

MBI6033 provides 16-bit S-PWM grayscale mode to 64 segments, so that the visual refresh rate can be increased.
For example, with S-PWM, the default PWM clock frequency is 10 MHz (VDD = 6V ~ 24V or VDD = Vca = 5V), the
visual refresh rate of 16-bit grayscale mode will be increased to (10 MHz / 65,536) x 64 = 9.766 KHz

MBI6033 continuously repeats the PWM cycle and turns on the output ports according to the image data until the
next image data is correctly recognized. Once the next input data is correctly recognized, MBI6033 will stop the
present PWM cycle and restart a new PWM cycle to show the new data immediately.

16-bit grayscale data
The following is the equation for the duty cycle of output in 16-bit grayscale mode.

16-bit gray scale data
The duty cycle of output (%)= 65536 x100%

According to the above equation, the following table shows the examples:

16-bit gray mode scale output result

Example Grayscale data Duty Cycle of Output
1 65,535 99.9%
2 32,768 50%

3 16,384 25%
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Phase-inversed Output Clock

MBI6033 enhances the capability of cascading MBI6033 by phase-inversed output clock function. By phase-inversed
output clock, the clock phase will be inversed from CKI to CKO to eliminate the accumulation of the pulse width
deviation. This improves the signal integrity of data transmission. The following chart illustrates the phase-inversed

output clock results.

Original: CKly

Original: CKO,

Phase-Inverse Clock I:CKO,

Phase-Inverse Clock II: CKO3
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

The Structure of Data Packet
MBI6033’s data packet contains three parts:
1. Prefix:
The prefix is a symbol of “Silent-to-Reset”, i.e. a time period for MBI6033 to distinguish two data packets.
2. Header:
The header defines the cascaded IC numbers and also contains a command to decide the data type.
3. Data:
This is the data for each IC. It may be gray scale data, dot correction data, or configuration data.

Structure of a data packet:
| Prefix Header Data

Prefix
MBI6033 identifies the data as a new packet after time-out. Then users can follow the “time-out” protocol (time-out
duration: stop twut + 1CKI + stop twut ) to re-start packet decoding scheme.

If both CKI and SDI are tied-low and stop for more than the setting of CKI time-out period, MBI6033 will start to check
the valid command of the next data packet. The prefix between two data packets helps MBI6033 identify the data
packet correctly. The following timing diagram illustrates the interval between two data packets in 16-bit gray scale

mode.

Time-out reset is to prevent ICs from misreading during the data transmission. The procedure is described below,
—  The CKIl should be tied-low and stop for more than time-out period
—  One CKI pulse (SDI keep)

—  CKI should be tied-low and stop for more than time-out period.
Where the time-out period is at least 21 ps.

VOD gystere ————
VCCeontroler _—

CKI | | . |
N : e ! /A
I haood |
1 1 : |
I+ ..: ' T .
! Ttimeout 1 . timeout I
! time-out time , 1 fime-outtime
(internal osc base) (internal osc base)
time-out active
VDD Cluster IC |
VCCoontroler S— : P . I
o - S - W W
SOl ! : ------- : ! : :
1 g h 1 ! I
I Ttlmeout I 1 . Ttlmemnl: 1 . Tt\memnl: 1
time-out time time-out time ’ time-out time
(internal osc base) (internal osc base) (internal osc base)

time-out don't active . .
time-out active
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Setting the Data Types by the Command

MBI6033 provides three kinds of commands and input data types shown as the table below:

Command H[7:0] Data Type
8'b11010101 Current gain mode
8'b11110011 Non-current gain mode
8'b11000001 Software reset

Once MBI6033 receives the SDI=1 (1°b1), MBI6033 will start to check if the data is a valid command or not. If the 8-
bit data is a valid command, the driver will latch the specific data according to the protocol. If the 8-bit data is not a
valid command, MBI6033 will wait for another SDI=1 (1’b1) to check the validity of the next command.

Time-Out Reset for Transmission Abort

Time-out reset is to prevent ICs from misreading during the data transmission. The procedure is described below,
—  The CKI should be tied-low and stop for more than time-out period

—  One CKIl pulse (SDI keep)

—  CKI should be tied-low and stop for more than time-out period.

Where the time-out period is at least 21 ys.

Header Packet Format

48-bit header

Bit Definition Value Function
8'b11010101 Grayscale mode with current gain
47:40 | H[7:0]
8'b11110011 Grayscale mode without current gain
. . , Wait counter data. Always send 14’b
39:26 | S[13:0] 14’b00000000000000 00000000000000
N -1 Set the number of IC in series.
o512 udo N=Number of IC in series The L[13:10] don’t care. Only the L[9:0] are effective.
) [13:0] 14’bxxxx0000000000 ~ For example: if we have 3 IC’s in cascade,
14'b0oxx 1111111111 Length[13:0]=14’b0000 0000 0000 10
11:4 CF[7:0] 8'b00000000~8’b11111111 | The configuration data. 8b00000000 (default)
3:0 X1[3:0] 4’0000 Reserved. Please keep “0000”
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Configuration Mode

Sink Driver for LED Strips

MSB LSB
Bit 1109876 ]5]4
Default Value | 0 000 00 0| O
Bit Definition Value Function
11 Reserved 1b0 The value is suggested to be “0”
000 . . .
GCLK=frequency of internal oscillator, i.e. 10MHz (typ.)
(default)
3’b001 GCLK=frequency of internal oscillator divided by 2, i.e. 5SMHz (typ.)
3b 010 | GCLK=frequency of internal oscillator divided by 4, i.e. 2.56MHz (typ.)
3b 011 | GCLK=frequency of internal oscillator divided by 8, i.e. 1.25MHz (typ.)
10:8 | GCLK frequency
3'b 100 | GCLK=frequency of internal oscillator divided by 16, i.e. 625KHz (typ.)
3'b 101 GCLK=frequency of internal oscillator divided by 64, i.e. 156.25KHz (typ.)
3b 110 | GCLK=frequency of internal oscillator divided by 128, i.e. 78.125KHz (typ.)
3b 111 | GCLK=frequency of internal oscillator divided by 256, i.e. 39.0625KHz (typ.)
7:6 Reserved 2'b00 Reserved. Please keep “00”
Turn-on the output
“1”, all constant-current outputs (OUTC3-OUTAOQ) are controlled by the GS
5 Output turn-on 1'b0 PWM timing controller.
“0™, all constant-current outputs are forced off and PWM counter is reset to “0”.
Note: when this bit is from “0” to “1”, PWM counter will be reset.
4 Reserved 1’b0 Reserved. Please keep “0”
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PWM-Embedded 3x4-Channel Constant-Current

Current Gain

24-bit current gain data

Sink Driver for LED Strips

Bit Definition Value Function
CGCn[7] 1’b0 Reserved. Please keep “0”
23:16 7b°0000000~ , _ . -
CGCn[6:0] The CGCn[6:0] are 7 bits current gain data of Nth driver for OUTC.
701111111
CGB\[7] 1’b0 Reserved. Please keep “0”
15:8 7b’0000000~ _ _ . _
CGBn[6:0] The CGBN[6:0] are 7 bits current gain data of Nth driver for OUTB.
701111111
CGAN[7] 1’b0 Reserved. Please keep “0”
70 70000000~ _ _ _ _
CGAn[6:0] 751111111 The CGAN[6:0] are 7 bits current gain data of Nth driver for OUTA.
192-bit gray scale data
Bit Definition Value Function
191:0 C3n[15:0]~ Each channel is 16-bit. 16-bit x 12 channels gray scale data of the Nth driver.
’ AON[15:0] 16’h0000 ~ 16’hffff The data of OUTC an is sent first.

The gray scale data of the last IC is sent first, followed by the previous ICs, and the first IC’s gray scale data is sent

in the end of the packet.
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Example of 16-bit Gray Scale with Current Gain

| Prefix [H | S [L [CF [ X1 | CGCn | CGBN | CGAn | C3n | B3n | A3n | -+ | COn [ BON [ AON [ -

48 bits Header Each driver 24 bits Each driver 4x3x16 bits

o
Total N drivers data length Nx(24+4x3x16) bits

‘—1 CGC1 | CGB2 | CGA3 [ C31 [ B31 [ A3+ [ - [ CO1 [ BO1 | AO1 |

CK
SDI

CKl
sl

CK
SDI

CKl
sl

CKl
SDI

CKl
SDI

previous
comand

1

I >t |

I S: 14-bit. 14'h0000 I L:14-bit Length, IC number-1, ' CF:8.bit configuration 1 X1:4-bit, 4'h0 1
| it, ,  max.value: 14'bw . | !

T X8 1 X0 KT XTE *?XGKWXOI/ZL

1 1 1
] 1 T
1 8-bit current gain of OUTC,, ' 8-bit current gain of OUTB,; |  8-bit current gain of OUTA;,

24-bit current gain of ICn

1
W1Xo W a5 X 14 X1 X0 K 15 X 14 X1 X 0 f
- —I rl‘

16-bit gray scale data of OUTC, y 16-bit gray scale data of OUTB; ' 16-bit gray scale data of OUTA;

1
1
: 48-bit gray scale data of OUTC,;,0UTB,,0UTA,ICn
'{L/_\_/_\_/_L/_\_/_\_/_L/K_:\,%_\_/_L/_\_/_\_/_\_/_\_@f
1

I

! 144-bit gray scale data of QUTC,,0UTB,0UTA, ,OUTC,,0UTB,,QUTA,,QUTC,,0UTB,,QUTA,ICn

: fa L /U s Y e W e W
: / - L1/ X X X X X X X X »57/&
:‘ Tiimout ': : TtimoLn: } r Next packet ’;
timeout active
CKI lj_\_(_\_/ !:é _|_{\_—
5D X a' :' ' -

async.reset
PWM_dlock
pwrm_daunter

/:@.%@w

X

" " | >l update the CFG, display data and resetthe PYWM counter to
48-bit 24-hit 192-bit I be 0 when each packet transfer done
header data current gain data grayscale data L—————»

I startto display when the first packet transfer done
land the cfg bit-1 "output turn-on" is equal to "1"
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Example of 16-bit Gray Scale without Current Gain

| Prefix |H [ S [L [CF [ X1][C3v|[B3n [ A3y - [ COn|BOn[AON | -+ [ C31 ] B31 [ A31] - [ CO1 | BO1 [ A0 |
|
! !

48 bits Header Each driver 4x3x16 bits

Total N drivers data length Nx4x3x16 bits
Next packet

previous
comand
— 1 1 1 | |
AR/ /4 I / ! |
SO ! /4 L /4 \ ! !
z/ I Zf 1 L Zf o :‘ O
! Ty b Tl 1 I
. timout [ Ttimout T H: 8-bit command
CKl
SDI \
1
I + » > |+
! $:14-bit, 14'h0000 'L 14-bit Length, IC number - 1, ! CF:8-bit cqnfiguration ! X1:4-bit, 4h0 1
max. value: 14'b00001111111111 register

) 16-bit gray scale data of OUTC, + 16-bit gray scale data of OUTB; ' 16-bit gray scale data of OUTA;

CKl /AN S N S U s W S W S WS S VY S W S WY S W S W
SDI 15 X 14 T X0 W5 XCH4 (T X0 15 X1d X1 X0 K
" 1
|
1
1

| 48-bit gray scale data of OUTC,,0UTB-,0UTA;ICn

ICn-1Packet

CKI
SDI Y

async. reset

PWM_tlock - - - -
pwm_dounter ._Iﬂﬂﬁ.--l- (022023 >
I ==

*l update the CFG, display data and resetthe PWM counter to

48-bit 192-bit I be 0 when each packettransfer done
header data grayscale data L—— o

I startto display when the first packettransfer done
land the cfg bit-1 "output turn-on" is equal to "1™
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Software Reset

There is a 48-bit header. The header is composed of command data, wait counter data, length data and
configuration data. In address data field, always send 14’b00000000000000. Set the number of IC in series to the
length data field.

There are 8-bit configuration data in header.

Each driver needs 48-bit zero data.
The software reset command will reset the driver to be initial state.

Prefix |H|S|L|CF|X100 ... 00 00 ... 00
<«  48-bit — —»
Headler Each driver
has 48 hits
- —
Total N drivers data length M x 48 bits

Prefix
The CKI should be tied-low and stop for more than time-out period (168T x internal OSC) — one CKI pulse (SDI
keep) — CKI should be tied-low and stop for more than time-out period (168T x internal OSC)

48-bit header

Bit Definition Value Function
47:40 | H[7:0] 8’b11000001 The command of packet
39:26 | S[13:0] 14’b00000000000000 Wait counter data. Always send 14’ 00000000000000

Set the number of IC in series.

In unmixed connection mode: L[13:10] don’t care, Only
the L[9:0] are effective.

In mixed connection mode: L[13:12] don’t care, Only
the L[10:0] are effective.

N -1

25:12 L[13:0] N=Number of IC in series

11:4 CF[7:0] 8’hxx Don’t care.

3:.0 X1[3:0] 4’hx Don'’t care.
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Output Polarity Change (IC to work as a PWM controller)

MBI16033 can be used as a PWM controller in applications that would require large driving currents, such as stage
lights, by utilizing the POL pin of the driver IC.

Pin 22 of GP/GTS package
Pin 15 of GFN package

POL pin = High — PWM controller mode
1. The output channel is high active
2. Only operable with none current gain. The command and input data type should be the same as without current

gain data.
POL pin = Low (default) — constant current mode
1. The output channel is low active

2. Openable with or without current gain, the command and input data type follows accordingly.

Please refer to the “MBI6033 Application Note” for more information on how to setup as a PWM controller.
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
Sink Driver for LED Strips

Constant Current

1) MBI6033 performs excellent current skew: the maximum current variation between channels is less than £3%, and
that between ICs is less than +6%.

2) In addition, in the saturation region, the output current keeps constant when the output voltage (Vbs) is changed.
This characteristic guarantees the LED show the same brightness regardless of the variations of LED forward
voltages (Ve).

MBI16033 I, VS. Vps
VDD:6~24V or VDD:Vca:5V
50 |
45 - ——

40 - /

35 -

Iout(mA)

0 0.5 1 12
Vps(V)

MBI6033 I, VS. Vps
Vpp=Va=3.3V

Iout(mA)
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MBI16033 PWM-Embedded 3x4-Channel Constant-Current
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Setting the Output Current
The output current of each channel (lout) is set by an external resistor, Rext. The relationship between lout and Rext
is shown in the following figure.

MBI16033 Rext VS lout

0 1 2 3 4 5 6 7 8 2 10 11 12 13 14
Rext(KQ)

The output current of each channel (lout) is set by an external resistor, Rext. When output channels are turned on,
Vrext is around 0.6V. The relationship between loutr and Rext is shown in the following figure.
Also, the output current can be calculated from the equation:

loutao~a3 = (VRext/ Rext) X 60 X (CGa/127)
loutso-B3 = (VRexT/ Rext) X 60 X (CGs/127)
loutco~-c3 = (VRext/ Rext) X 60 X (CGc/127)

a.) 7-bit Current gain weighting CGa/CGg/CGc, default is 127(16’h7F)
b.) The Vrexris around 0.6V.
C.) Rextis 12KQ (3mA) to 0.8KQ (45mA)

CGA=ABG X 26+ A5 X 25+ A4 x 24+ A3 X 22+ A3 x 282+ A2x 22+ A1 x 2"+ A0 x 20
CGe=B6x26+B5x2°+ B4 x24+B3x23+B3x23+B2x22+B1x2'"+ B0 x2°
CGc=Cb6x26+C5x2°+C4x24+C3x23+C3x28+C2x22+C1x2'"+C0Ox 20
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Package Power Dissipation (Pp)
The maximum power dissipation, Po(max)=(Tjmax—Ta)/Rtn-a), decreases as the ambient temperature increases.
The power dissipation (Pp) is calculated by the equation:

Pp = (Voo x Iop) + (loutax Vbsa) + (louts X Vbsg) + (loutc X Vbsc)

Please refer to the following figure to design within the safe operation area.

MBI6033 Maximum Power Dissipation at Various Ambient Temperature

Power Dissipation (W)
4.0

3.5

—— GP Type: Rth=72.7°C/W

—— GFN Type: Rth=39.5°C/W
3.0 GTS Type: Rth=59.6°C/W
25

2.0
15
1.0
0.5

Safe Operation Area

0.0
0 10 20 30 40 50 60 70 80

Ambient Temperature (°C)
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Load Supply Voltage (Vi ep)

The design of V Lep should fulfill two targets:

1. Less power consumption and heat

2. Sufficiently headroom for the LED and driver IC to operate in the constant-current region.

From the figure below, Vbs=VLeo—VF, which Viep is the supply voltage of LED. Pp @cty will be greater than Pp (max), if
Vs drops too much voltage on the driver. In this case, it is recommended to use the lowest possible supply voltage
or to set an external resistor to reduce the by Voror.

Vos=(VLep—VF)—Vbror

Please refer to the following figure for the application of the resister.

Supply Voltage

ViED pply g
}VDrop
VF{ Vbs

Switching Noise Reduction

The output ports of LED drivers are frequently switching in typical applications. This behavior usually causes
switching noise due to the parasitic inductance on PCB. To eliminate switching noise, please refer to “Application
Note for 8-bit and 16-bit LED Drivers-Overshoot”.
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Temperature (C)

Sink Driver for LED Strips
Soldering Process of “Pb-free & Green” Package Plating*
Macroblock has defined "Pb-Free & Green" to mean semiconductor products that are compatible with the current
RoHS requirements and selected 100% pure tin (Sn) to provide forward and backward compatibility with both the
current industry-standard SnPb-based soldering processes and higher-temperature Pb-free processes. Pure tin is
widely accepted by customers and suppliers of electronic devices in Europe, Asia and the US as the lead-free surface
finish of choice to replace tin-lead. Also, it is backward compatible to reflow processes which adopt tin/lead (SnPb)
solder paste. Please refer to JEDEC J-STD-020C for temperature setting. However, in the whole Pb-free soldering
processes and materials, 100% pure tin (Sn) will all require from 245 °C to 260°C for proper soldering on boards,
referring to JEDEC J-STD-020C as shown below.

300
255C 260C 2
250 245C+5C
240°C
.
217°C
30s max
200
B E— Ramp-down
Average ramp-up 6°C /sp(m;x)
rate= 0.7C/s g
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
0 100 150 200 250 300
P Time (sec)

----Maximum peak temperature
—Recommended reflow profile

JEDEC J-STD-020C

Volume mms3

Volume mm?3

Volume mm3

Package Thickness <350 350-2000 =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

*For details, please refer to Macroblock’s “Policy on Pb-free & Green Package”.
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Package Outline

)

*ﬂﬂﬂﬂﬂiﬂﬂﬂﬂﬂh“

|

____+____ L /
|
|

Ed

'

T, | =

T

| { ki B

C GAUGE PLANE ,-‘II I;'II 'V J
[ I ] :_ [ o8
CseaTNG FLANE L z
e L
L1
DETAIL @ A
Dimensions shown in inchs Dimensions shown in millimeters
SYMBOLS
MIN. N, MAX. M1 [N, MAX.
A 0053 0064 0069 1.346 1626 1.753
Al 0.004 0.006 0.010 0.102 0.152 0.254
A2 — — 0.059 — — 1.499
0337 0.341 0.344 3.560 8661 8735
E 0.228 0.236 0.244 5.791 5.994 £.198
El 0,150 0.154 0.157 3.310 3912 3.983
b 0.008 = 0.012 0.203 — 0.305
C 0.007 & 0.010 0.178 — 0.254
L 0016 0025 0.050 0,406 0635 1.270
e 0,025 BASIC 0.635BASIC
L1 0041 BASIC 1.0414 BASIC
X 0 — | s o | — | s

MBI6033GP Outline Drawing
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T —; n

— P @HHHHHHHHHH

E1
E

gl —
—

VITTH UL )

= b \ﬁ' THERMALLY EMHANCED WARWMTIONS ONLY

GAUGE PLANE

g EATING PLANE
+1
= 2 :
10000 0dgbgggh = ]
EEE = L1

D E E1 Al A A2 01 E2 b E B L1 L
MIN | NOK | &K ] BN | NOM | BIAK | BN | DO | MAK | BAX | WAK | BN NOW ) MAX ] MIN | NON | BAX | MIN | NOM | BAX ] BIN | BAX MIN | MAK | WIN- | MIN ] NOM | MAX
77|78 |79 |62 |64 )66 |43 |44 |45 12)045]08 | 09 [1.05]365|453] 49 ) 22 |2045|315/019(030 065 | 0" | & |1.00|045 060 075

1,

Unitmm

MBI6033GTS Outline Drawing
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D
1
2 -
g 000000 L
MILLIMETER
SYMBOL
MIN NOM MAX
A 0.70 | 0.75 | 0.80
D2 :
Al — | 001 | 0.05
h b 0.18 | 025 | 0.30
| 0.18 | 020 | 0.25
_ | C
U UUU e
. 3. 90 4,00 4,10
— | —l
| D2 2. SO0REF (Max)
D) i 2 -
‘ = e 0. 50BSC
2 = R S I - B Ne 2. GOBSC
— ‘ S Nd 2. GOBSC (May)
— ! - E .90 | 4,00 ‘ 4,10
- | £
— | E2 2. 50REF
[
( | ﬂ! N L 0.35 | 040 | 0.45
~L| b h 0.30 | 0.35 | 0.40
Nd

MBI6033GFN Outline Drawing

Note 1: The unit for the outline drawing is mm.
Note 2: Please use the maximum dimensions for the thermal pad layout. To avoid the short circuit risk, the vias or

circuit traces shall not pass through the maximum area of thermal pad.
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Product Top Mark Information

Part number
®  ID number — The second row of printing
MBIXXXX o o —

MBIXXXX o oo l

The first row of printing 4——

Manufacture
Product No. Package Code Code

Process Code Device Version Code

Product Revision History

Datasheet version Device version code
V2.00 B
V2.01 B
VA.00 B

Product Ordering Information

Product Ordering Number* _I?;;—Ies-Compllant rackage Weight (g)
MBI6033GP-B SSOP24L-150-0.64 0.1
MBI6033GTS-B TSSOP24-173 -0.65 0.0967
MBI6033GFN-B QFN24L-4*4-0.5 0.0379

*Please place your order with the “product ordering number” information on your purchase order (PO).
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Disclaimer
Macroblock reserves the right to make changes, corrections, modifications, and improvements to their products and
documents or discontinue any product or service. Customers are advised to consult their sales representative for
the latest product information before ordering. All products are sold subject to the terms and conditions supplied at
the time of order acknowledgement, including those pertaining to warranty, patent infringement, and limitation of
liability.

Macroblock’s products are not designed to be used as components in device intended to support or sustain life or
in military applications. Use of Macroblock’s products in components intended for surgical implant into the body, or
other applications in which failure of Macroblock’s products could create a situation where personal death or injury
may occur, is not authorized without the express written approval of the Managing Director of Macroblock.

Macroblock will not be held liable for any damages or claims resulting from the use of its products in medical and
military applications.

Related technologies applied to the product are protected by patents. All text, images, logos and information
contained on this document is the intellectual property of Macroblock. Unauthorized reproduction, duplication,
extraction, use or disclosure of the above mentioned intellectual property will be deemed as infringement.
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