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MBI5049
Macroblock

16-Channel SPWM Constant Current LED Sink Driver
with Diagnosis and Power Saving

Preliminary Datasheet

Features

® 3.3V/5V supply voltage
16 constant current output channels Small Outline Package
Constant output current invariant to load voltage change

Constant output current range:
3-45mA@Vpp=5V,;
3-30mA@Vpp=3.3V

®  Excellent output current accuracy:

- Between channels: £1.5% (typ.) and £3% (max.) GF: SOP24L-300-1.00
- Between ICs: £3% (typ.) and £+6% (max.)
®  Visual effect control Shrink SOP

- Patented S-PWM technology to improve refresh rate
- 16-bit gray scale control

- 6-bit programmable output current gain from 12.5%~200%

(] Error detections GP: SSOP24L-150-0.64

- Compulsory error detection: data-independent full panel and silent error detection in 700ns
- LED open-circuit detection
- Programmable leakage and short to ground diagnosis
- Programmable detection current
- Current setting resistor open-circuit detection
- Thermal protection: alert (>140°C) and shutdown (>160°C)
®  Flexible operation modes
- Auto synchronisation mode
- Manual synchronisation mode
® EMI reduction
- 2 groups staggered delay of output, preventing from current surge
Maximum data clock frequency: 20MHz
Maximum gray scale clock frequency: 20MHz
0-power mode
Watchdog timer (WDT) operation

Product Description

MBI5049 is an enhanced 16-channel constant current LED sink driver with advanced error detection functions and
smart power-saving modes. MBI15049 features 0-power mode to reduce the consumed current by chip and increase
the power efficiency. Therefore, MBI5049 is especially suitable for LED traffic sign and message sign applications.

MBI5049 provides several kinds of error detections including LED open-circuit, leakage and over-temperature

protection(160°C). This chip integrates a 6-bit current gain which can adjust the output current from 12.5% to 200%.
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MBI15049 16-Channel Constant Current LED Sink Driver with
Error Detection and Power Saving

Block Diagram
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MBI15049

16-Channel

Constant Current LED Sink Driver with

Pin Configuration

MBI5049GF/GP
Top View

Error Detection and Power Saving

Terminal Description

Pin No. Pin Name Function
1 GND Ground terminal for control logic and current sink
2 SDI Serial-data input to the shift register
Clock input terminal used to shift data on rising edge and carries command
3 DCLK . ) .
information when LE is asserted.
Data strobe input terminal
4 LE Serial data is transferred to the output latch when LE is high. The data will be
latched when LE goes low.
5~20 OUT0 ~0UT15 | Constant current output terminals
Gray scale clock terminal
21 GCLK Clock input for gray scale. The gray scale display is counted by gray scale
clock comparing with input data.
Serial-data output to the following SDI of next driver IC. SDO signal changes
22 SDO y
on rising edge of CLK.
Input terminal used to connect an external resistor for setting up output current
23 R-EXT
for all output channels
24 VDD 3.3V/5V supply voltage terminal
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MBI15049 16-Channel Constant Current LED Sink Driver with

Error Detection and Power Saving
Equivalent Circuits of Inputs and Outputs

GCLK, DCLK, SDI terminal LE terminal

VDD VDD
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SDO terminal
VDD
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MBI15049 16-Channel

Constant Current LED Sink Driver with

Maximum Ratings

Error Detection and Power Saving

Characteristic Symbol Rating Unit
Supply Voltage Vb 0~7.0 \%
Input Pin Voltage (SDI,LE, DCLK, GCLK) Vin -0.4~Vpp+0.4 V
Output Current lout +50 mA
Sustaining Voltage at /OUT Port Vbs -0.5~+17.0 \Y,
GND Terminal Current lenD +800 mA
Power Dissipation GF Type b 2.52 W
* = o D
(On PCB*, Ta=25°C) GP Type 1838
Thermal Resistance GF Type R 46.69 O
(On PCB*, Ta=25°C) GP Type th(j-a) 68 C/
Junction Temperature Tjomax 150** °C
Operating Ambient Temperature Topr -40~+85 °C
Storage Temperature Tsig -55~+150 °C
Human Body Mode Class 3B
(MIL-STD-883G HBM (8000V)
. Method 3015.7)
ESD Rating Machine Mode al c
(JEDEC MM ass
(=400V)
EIA/JESD22-A115,)

*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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MBI15049 16-Channel Constant Current LED Sink Driver with

Error Detection and Power Saving
Electrical Characteristics (V= 5.0V, Ta=25°C)

Characteristics Symbol Condition Min. Typ. Max. Unit
Supply Voltage Vpp - 4.5 5.0 55 Vv
Sustaining Voltage at _
OUT Ports Vos OUTC~0UT15 - - 170 | V
Refer to “Test Circuit for
lour Electrical Characteristics” 3 ) 45 mA
Output Current lon SDO _ _ 1.0 mA
loL SDO - - 1.0 mA
wpyn DCLK, SDI, LE, GCLK
H” level V|H Ta =-40~85°C 0.7XVDD - VDD \
Input Voltage
“l » DCLK, SDI, LE, GCLK
L” level Vi Ta =-40~85°C GND - 0.3xVpp | V
Output Leakage Current lon Vps=17.0V - - 0.5 MA
Output SDO Vou lo,=+1.0mA - - 0.4 v
VOItage Von |OH='1 .0mA VDD'0-4 - - V
|o|_=20mA _ [
Current Skew (Channel) dloyTi Vo=V Rext=680Q - +1.5 +3.0 %
DS™
Current Skew (IC) dlourz | Q2R | Ruc=6800 ; £30 | 60 | %
DS™
Output Current vs. o s i o
Output Voltage Regulation* %/dVps Vps within 1V and 3V 10.1 0.5 %l
Output Current vs. o s o
Supply Voltage Regulation* %/dVpp Vpp within 4.5V and 5.5V - 1.0 2.0 %N
1.4 O.4XVDD
Leakage Current & Short to Vv Programmable by 1.8 | 0.5xVpp ) Vv
Ground Diagnosis Threshold LEAKTH | configuration register 2.2 |0.6xVpp
2.9 0.7XVDD
LED Open circuit Detection
Threshold Vos B - - 0.3 \%
Watchdog Timer Time-out Twor - 70 160 300 ms
0-power Recovery Time Mode Trecovery | - 0.55 0.96 1.75 ms
Pull-down Resistor Rin(down) | LE 250 500 800 KQ
loo(off) 1 |R.=Open, ouTo ~oUT15=0ff| - 2.8 3.3
Suool “OFF” loo(off) 2 |R,,=680Q, ouTO~0UT15=0ff | - 5.5 6.0
upply R
Current Iop(off) 3 |R,,=350Q, OUTO ~OUT15=Off | - 9.0 9.5 mA
(DCLK= Ipp(on) 1 = OUTo ~OUTIs = - 5.5 6.0
GCLK=0Hz) “ON" po(on) 1 |R,=680Q, OUTO ~OUT15=0n
lbo(on) 2 |R,,=306Q, OUTO~OUT15=0On| - 9.0 9.5
0-power mode | Ipp_o-power | - - 130 200 uA
Thermal Flag Temperature1** Trrq Junction Temperature - 140 - °C
Thermal Flag Temperature2** T1ro Junction Temperature - 160 - °C

*One channel on.

**Thermal flag 1 is over-temperature alarm, and thermal flag 2 is thermal shutdown.
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MBI15049

16-Channel Constant Current LED Sink Driver with

Error Detection and Power Saving
Electrical Characteristics (V= 3.3V, Ta=25°C)

Characteristics Symbol Condition Min. Typ. Max. Unit
Supply Voltage Vb - 3.0 3.3 3.6 \%
Sustaining Voltage at OUT N
Ports Vos OUTC~ OUT15 - - 17.0

Refer to “Test Circuit for
lour Electrical Characteristics” 3 ) 30 mA
Output Current lon sSDO j _ 10 mA
lo SDO - - 1.0 mA
oy DCLK, SDI, LE, GCLK
H” level VIH Ta =-40~85°C 0-7XVDD - VDD \%
Input Voltage DCLK, SDI, LE, GCLK
“L” level Vi Ta - 4,0~85;°C ’ GND - 0.3xVpp | V
Output Leakage Current lon Vps=17.0V - - 0.5 MA
Output SDO VoL lor=+1.0mA - - 0.4 Vv
VOItage Von IOH='1 .0mA VDD-O.4 - - \Y
Current Skew (Channel) dlours {;’L=_215\'/7mA Roy=560Q ; 15 | 30 | %
DS™
Current Skew (IC) dlourz {7L=_2f\'/7mA R.,=5600 ; £30 | 60 | %
DS™
Output Current vs. o - o
Output Voltage Regulation* %/dVps Vps within 1V and 3V - +0.1 +0.5 %ol
Output Current vs. o - o
Supply Voltage Regulation* %/dVpp Vpp within 3.0V and 3.6V - +1.0 2.0 Yol
0.8 O.4XVDD
Leakage Current & Short to Vv Programmable by 1.0 |0.5xVpp ) Vv
Ground Diagnosis Threshold LEAKTH | configuration register 1.3 | 0.6xVpp
1.7 O.7XVDD
LED Open-circuit Detection
Threshold Vos B - - 0.30 \
Watchdog Timer Time-out TwoT - 55 115 250 ms
0-power Recovery Time Mode | Trecovery | - 0.55 0.69 1.5 ms
Pull-down Resistor Rin(down) | LE 250 500 800 KQ
loo(off) 1 |R.=Open, OUTO ~0UT15=0ff - 2.5 3.0
“OFF” loo(off) 2 |R,,=680Q, OUTO ~0UT15 =Off - 5.1 5.6
Suppl _
oue Y loo(0ff) 3 |R,,=490Q, OUTO ~0OUTI5=0ff | - 66 | 7.1 | mA
(DCLK= o Ibo(on) 1 |R,,=680Q, OUTO ~0OUT15=0n - 5.1 5.6
GCLK=0Hz) ON
Ibo(on) 2 |R,,=490Q, OUTO ~0UT15=0n - 6.6 7.1
0-power
rﬁoéve loo__o-power | - - 130 200 | uA
Thermal Flag Temperature1** T1r Junction Temperature - 140 - °C
Thermal Flag Temperature2** Trr2 Junction Temperature - 160 - °C

*One channel on.

**Thermal flag 1 is over-temperature alarm, and thermal flag 2 is thermal shutdown.
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MBI15049 16-Channel Constant Current LED Sink Driver with

Error Detection and Power Saving
Test Circuit for Electrical Characteristics
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MBI15049 16-Channel Constant Current LED Sink Driver with

Error Detection and Power Saving
Switching Characteristics (V= 5.0V, Ta=25°C)

Characteristics Symbol | Condition Min. Typ. Max. Unit
SDI-DCLK 1 tsuo 7 - - ns
Setup Time LE 1 -DCLK} tsun 7 - - ns
LE | - DCLK % tsuo 50 - - ns
DCLK 1 - SDI tho 7 - - ns
Hold Time DCLK t -LE t1 7 - - ns
LE | - GCLK } tho 10 - - ns
DCLK - SDO trpo Vpp=5.0V - 25 33 ns
. . Vip=V
Propagation Delay Time | ook - OUT2n* tpD1 V:[1=GDNDD - 50 - ns
LE - SDO tpp2** Re=6800Q) - 30 40 ns
Staggered Delay of R Vos=1V
*kk toLa RL:1 50Q - 5 - ns
Output ouT2n+1 C.=10pF
LE tw(L) C4=100nF 15 - - ns
. C,=10uF j j
Pulse Width DCLK tw(pcLk) Copo=10pF 25 ns
GCLK tweelk) | Vieo=4.0V 25 - - ns
Command to Command tee 50 - - ns
SDO Rise Time trspo - 10 - ns
SDO Fall Time tf’sDO - 10 - ns
Output Rise Time of Output Ports tor 10 15 30 ns
Output Fall Time of Output Ports tor 10 15 30 ns
Compulsory Error Detection Operation time**** terr-c 700 - - ns
Data Clock Frequency (Pure Digital) Focik - - 20 MHz
Gray Scale Clock Frequency (Pure Digital) FaocLk - - 20 MHz

*Output waveforms have good uniformity among channels.

**In timing of “configuration read” and “compulsory error detection read”, the next DCLK rising edge should be tpp,
after LE’s falling edge.

***Refer to the Timing Waveform, n=0, 1, 2, 3,4, 5,6, 7.

****Users have to leave more time than the maximum error detection time for the error detection.
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MBI15049 16-Channel Constant Current LED Sink Driver with

Error Detection and Power Saving
Switching Characteristics (V= 3.3V, Ta=25°C)

Characteristics Symbol Condition Min. Typ. Max. Unit
SDI - DCLK ? tsuo 8 - - ns
Setup Time LE 1 - DCLK? tsui 8 - - ns
LE | - DCLK} tsuz 50 - - ns
DCLK 1 - SDI tho 8 - - ns
Hold Time DCLK % -LE th4 8 - - ns
LE | - GCLK? tho 12 ns
DCLK - SDO trpo - 30 40 ns
Propagation Vpp=3.3V i )
Delay Time GCLK -OUT2n*~ Viv=Vop 60 ns
V||_=GND
Rex=680Q
LE -SDO to2™ | yor=qy - 40 50 ns
R.=150Q
Staggered Delay | —— C.=10pF i )
of Output ouT2n+1** C,=100nF S ns
C,=10uF
LE t Cspo=10pF 15 - - ns
MO 1 Vieo=4.0V
Pulse Width DCLK twpcLk) 25 - - ns
GCLK twccLk) 25 - - ns
Command to Command tee 50 - - ns
SDO Rise Time tr spo - 10 ns
SDO Fall Time tfySDo - 10 ns
Output Rise Time of Output Ports tor 25 30 60 ns
Output Fall Time of Output Ports tor 25 30 60 ns
Compulsory Error Detection Operation time**** | terr-c 700 - - ns
Data Clock Frequency (Pure Digital) Focik - - 20 MHz
Gray Scale Clock Frequency (Pure Digital) Fock - - 20 MHz

*Output waveforms have good uniformity among channels

**In timing of “configuration read” and “compulsory error detection read”, the next DCLK rising edge should be tpp,
after LE’s falling edge.

***Refer to the Timing Waveform, n=0, 1, 2, 3,4,5,6, 7

****Users have to leave more time than the maximum error detection time for the error detection.

-10 - October 2014, V1.00



MBI15049 16-Channel Constant Current LED Sink Driver with
Error Detection and Power Saving

Test Circuit for Switching Characteristics
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MBI15049

16-Channel Constant Current LED Sink Driver with

Timing Waveform

(1)

DCLK

LE

SDI

SDO

GCLK

Output
Ports

DCLK

Error Detection and Power Saving

()

GCLK /It \
PD1 ,
]
ouT2n ! )ié
! DL
i
ouUT2n+1 ! X
1 1
1/FGCLK
twicL
k—=
|
90% 90%
10% 10%
tor tor

DCLK /[

LE S

-12 -

October 2014, V1.00



MBI15049 16-Channel Constant Current LED Sink Driver with
Error Detection and Power Saving

Principle of Operation

Users should set the operation modes in the configuration register through the “write configuration” command before
sending gray scale data. The control command and configuration register are summarized in the following two
tables.

Control Command

Number of CLK
rising edge . :
Command name LE when LE is The action after a falling edge of LE
asserted
Stop Compulsory Error Detection High 0 Stop compu_lsory1/ compulsory2/ compulsory3
error detection.
Data Latch High 1 Serial data are transferred to the buffers
Global Latch High 2 Buffer data are transferred to the comparators
Read Configuration Register High 4 Read the configuration register
Compulsory1 Error Detection High 6 Start compulsory error detection
(Open-circuit) 9 (Open-circuit detection)
Compulsory2 Error Detection Start compulsory error detection
(Rext-open, the status of thermal .
. . (Rext-open error detection, the status of
protection, the status of 0-power High 8 .
thermal protection, the status of O-power mode
mode and the status of watchdog X
. and the status of watchdog time-out)
time-out)
Compulsory3 Error Detection . .
(Leakage or Short to ground High 9 Start Igakage or short to ground diagnosis
. : detection
diagnosis)
Write Configuration Register High 10 Write 16-bit configuration register
Reset PWM Counter High 11 Reset the PWM counter
Enable Write Configuration High 12 Enable to write the configuration register
Wake-up High 13 Wake up from 0-power mode
Software Reset High 30 Re§et IC to initial state except configuration
register
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MBI15049

16-Channel Constant Current LED Sink Driver with

Error Detection and Power Saving

Definition of Configuration Register

MSB

Flelofc|e

e.g. Default Value
(Fleflofcfefalolesl7][ef[s[4alsla]|1]o]
ol o1 1 | u | 10 | 1] 000000 |
Bit Attribute Definition Value Function
0 (Default) Disable 0-power mode
F Read/Write 0-power mode
1 Enable 0-power mode
Manual-synchronization. Once the next input
1 data is correctly recognized, MBI5049 will stop
the present PWM cycle and restart a new PWM
cycle to show the new data immediately.
E Read/Write Evr\wlg/tlw?o?iazation Auto-synchronization, MBI5049 will
n?o de automatically process the synchronization of
0 (Default) previous data and next data for PWM counting.
The next image data will be updated to output
buffers and start PWM counting when the
previous data finishes one internal PWM cycle.
. Watchdog timer 0 Disable WDT
D Read/Write | \yp) 1 (Defaull) | Enable WDT
. Open detection 0: 25uA
C Read/Write current 1 (Default) 1 50UA
B Reserved Reserved 10 (Default) Reserved
00 2’b00: 0.4xVdd
N , Threshold voltage of | 01 2’'b01: 0.5xVdd
A~9 | Read/Write | | o\ age detection | 10 2'b10: 0.6xVdd
11 (Default) 2'b11: 0.7xvVdd
8~7 Reserved Reserved 10 (Default) Reserved
0 Disable thermal shutdown
. Enable thermal shutdown
6 Read/Write | Thermal shutdown 1 (Default) When the IC temperature is over 160°C, it will
turn off the output current of all channels
automatically.
N . Output current gain 000000 ~ , o
5~0 Read/Write adjustment 111111 6’b000000 (Default),(12.5%)

-14 -
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MBI15049 16-Channel Constant Current LED Sink Driver with
Error Detection and Power Saving

Write Configuration Register
Write the configuration register when receiving one LE pulse containing 12 DCLKSs, then send 16-bit configuration
setting to each LED driver and send one LE pulse containing 10 DCLKSs.

| : :

DCLK i \_/_\_/_ : =

LE i f v

SDI ! /] X' D15 XD14 X Configuration Data DO :

i // E Shift Register : / i

1 ', Configuration Data i :

ILE+12 DCLKS, 1< >

-Enable Writing i LE'+1O DCLKs, 1
Conflguratlon Write Command

Read Configuration Register
Read the configuration register when receiving one LE pulse containing 4 DCLKSs to read the configuration setting.
After the command, 16-bit configuration of each chip will be shifted out sequentially from the n™ chip to the 1% chip.

i { i
DCLK : / A\ /—\%Z/jﬂ
LE / /] )
SDO Previous Data

/ XD15 X D14 / X Do X
/
LE+4 DCLKs ': ConflguratlonReglster

Data Outp ut
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MBI15049

16-Channel Constant Current LED Sink Driver with

Error Detection and Power Saving

Set the PWM Gray Scale Data
The 16-bit input shift register latches 16 times of the gray scale data into each data buffer with a “data latch”

command sequentially. With a “global latch” command for an additional latch, the buffer data are transferred to the

comparators.

Manual Sync. Mode

DCLK
GCLK
LE

SDI  Frame#n CH15 Data//

X

E ~X Frame#n CH14 Data//

i
4
r
14
I

1

i
{4
4

“““ ~~~.‘u‘// .4—;.
T-~LE+] DCLK
2nd Data katch,

// :4—>:
LE+1 DCLK
1st Data Latch

'
IC#n CH15 IC#n-1 CH15 IC#n-2 CH15 IC#1 CH15
16 Bits 16 Bits 16 Bits 16 Bits
MSB LSB
DCLK ; |
GCLK | T\
SDI  Frame#n CHO Data /[ | P X ! / | |
i P PR S
LE+1DCLK ' LE+2DCLKs | | Updated Image
16th Data Latch Glohall ateh Display Data
Auto Sync. Mode
DCLK
GCLK
SDI Frame#n CH15 Dﬂa -~X.Frame#n CH14 Data// E E >C
,‘ ~~~~ —>p
] LE+1 DCL'K ~~-._lE+1DCLK
J 1st Data Latch 2nd"D‘ata-Latch
r" ‘‘‘‘‘ Seeo
J -
IC#n CH15 IC#n-1 CH15 IC#n2 CH15 IC#1 CH15
16 Bits 16 Bits 16 Bits 16 Bits
MSB LSB
DCLK |
GCLK
LE }

SDI Frame#n CHO Data/|

GCLK Counter

s =

—>
LE+1DCLK ' LE+2 DCLKs ! Updated Image
16th D ata Latch Global Latch Display Data

Note: there is no timing relation between DCLK and GCLK.

-16 - October 2014, V1.00



MBI15049 16-Channel Constant Current LED Sink Driver with

Error Detection and Power Saving
Compulsoryl Error Detection - LED Open-circuit
MBI5049 will perform compulsory1 error detection when receiving one LE pulse with 6 DCLKs and will stop the error
detection when receiving one LE pulse with 0 DCLK. Besides, the output channels will be forced to turn off to

perform the compulsory1 error detection. The duration is suggested longer than 700ns (between the LE falling
edges). The error report will be shifted out after the compulsory1 error detection operation time (LE+0 DCLK).
MBI15049 will shift out open-circuit reports from SDO simultaneously.

Error Code
Detection Result Error Flag for the Corresponding Channel
LED open error detected in the channel 0
No LED open error detected in the channel 1
MBI5049 enters 0-power mode 1
DCLK ! /[ ¢ /[ Y A U B WY B
e ; /I —
SDI i / / i
SDO /] : [/ ' X IC#n~IC#1 Short-circuit Status-
T J L T = N
OuT_B / / _E_/ / / /i),_ 7 \ N,
Error Detection Period* H:j // P | .
_-~Nfin. 700ns g N
LE+7DCLK .- —o»
LE+ODCLK
IC#n IC#n-1 IC#n-2 IC#1
16 Bits 16 Bits 16 Bits 16 Bits
MSB LSB

*For the correctness of the error message, MBI5049 releases the error detection period only when receiving one LE
pulse containing 0 DCLK and DCLK is active. During the error detection period, MBI5049 will force OUT_B off and
perform the compulsory error detection.

Compulsory2 Error Detection - Fault Status Report

MBI5049 will perform compulsory2 error detection when receiving one LE pulse with 8 DCLKs and will stop the error
detection when receiving one LE pulse with 0 DCLK. Besides, the output channels will be forced to turn off to
perform the compulsory2 error detection. The duration is suggested longer than 700ns (between the LE falling
edges). The error report will be shifted out after the compulsory2 error detection operation time (LE+0 DCLK).
MBI15049 will shift out Re-0open, thermal protection error reports, the status of 0-power mode and watchdog timer
(WDT) time-out from SDO simultaneously.

Watchdog Timer (WDT) Time-out

Detection Result WDT Time-out Status
WDT time-out occurred 1
No time-out 0
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MBI15049 16-Channel Constant Current LED Sink Driver with

Error Detection and Power Saving

0-power Mode

Detection Result

0-power Mode Status
In 0-power Mode 1
Out of 0-power mode 0

Error Code
Detection Result

Error Flag for the Corresponding Chip
Rext Open-circuit detected 0
No Rex open-circuit detected 1

o

o\

—e—————

[ !
?/ —\
/

SDO 1 ]/ | ' X IC#n~IC#1 Error Status Report !
: ! B —— *
OuT_B // 2 /| e A \
Error Detection Period*} [ // . ! - )
' b : : !
4 _Mmi700ns < > 3 \
' LE+8DCLKs-"" ’ ' | \
LE+ODCLK | \
'11/((,' “‘
IC#n IC#n-1 IC#n-2 IC#1
16 Bits 16 Bits 16 Bits 16 Bits
I MSB T e LSB
i ">-~-<>_~_‘»-~
LT T
L ——
11111 Rext-open Thermal Themal 0-power Mode Tir\gg)- <-)rut
1 Bt Status Flag 2 Flag 1 Status Stat
' 1Bit 1Bit 1Bit 1Bit B

*For the correctness of the error message, MBI5049 releases the error detection period only when receiving one LE

pulse containing 0 DCLK and DCLK is active. During the error detection period, MBI5049 will force OUT_B off and
perform the compulsory error detection.

Thermal Flag

Thermal flag 1 is over-temperature alarm, and thermal flag 2 is thermal shutdown. When the IC temperature is over
140°C, thermal flag 1 will report “0”. When the IC temperature is under 120°C, thermal flag 1 will recover to “1”.
When the IC temperature is over 160°C, the thermal flag 2 will become “0”, and the output channels will be shut

down. The thermal shutdown status is latched until power cycling or a wakeup command issued from the controller.
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MBI15049 16-Channel Constant Current LED Sink Driver with
Error Detection and Power Saving
Compulsory3 Error Detection - Device Leakage Diagnosis

MBI5049 will perform compulsory3 error detection when receiving one LE pulse with 9 DCLKs and will stop the error

detection when receiving one LE pulse with 0 DCLK. Besides, the output channels will be forced to turn off and then
turn on within a small current of 0.4uA. The duration is suggested longer than 700ns (between the LE falling edges)
to perform compulsory3 error detection. The error report will be shifted out after the compulsory3 error detection

operation time (LE+ 0 DCLK). MBI5049 will shift out leakage error reports from SDO simultaneously.

Error Code
Detection Result Error Flag for the Corresponding Channel
Leakage error detected in the channel 0
No leakage error detected in the channel 1
MBI5049 enters 0-power mode 1
DCLK__ ! /T N e WY A WY A W e W
LE ! ! // :./ :K
sor _ N R
SDO _! /] i Jl | 1 Y- IC#n~IC#1 Leakage Error Statuss,
| ' If = 1 N
OUT_B| // - I = ) —
Error Détection Period? / /'[_—"' i i N N,
<« »i-fiin.700ns -
| LEDoKs LE+ODCLK |
IC#n IC#n-1 IC#n-2 IC#1
16 Bits 16 Bits 16 Bits 16 Bits
MSB LSB

*For the correctness of the error message, MBI5049 releases the error detection period only when receiving one LE
pulse containing 0 DCLK and DCLK is active. During the error detection period, MBI5049 will force OUT_B off and
perform the compulsory error detection.
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Watchdog Timer (WDT) Time-out
In the following figures, if WDT time-out occurs, the output will turn off when the GCLK is not present. Until the user

set PWM gray scale data, global latch command is executed and GCLK is present, the output will turn on again.

PWM Data Manual Sync. Mode

DCLK // : Il :
GeLK L/_\_/_\_y/\_/_\ I i
LE ! Il i
GCLK Time-out // i // '7
! Il e
< »! Time-out
160 ms ' Turn-of f Output
DCLK T\N/_LFWJ_\_/_\J_\_/_ :
GCLK wﬁ/ i
e /- j
sDl Doo X Do01)/ D02 X DOE X DOFIX D10X D11 X D12i DEIEX DEFX:
SDO / D0 X" D01 Doz/ DAE X_DoF_X_
GCLK Time-out / \ 1 : : l
« pl I e

LE+1DCLK
2nd Data Latch

DCLK
GCLK i
LE :
sDI DFo X_DF1X_DF2 ][ DRE X DFF X i ; !
spo D10 X D11 X D12/ DEEX DEE DFOX DF1 DF'.2/ DFE X DF R X '
GCLK Time-out / i i : i

I —>! :4—.: —_—

LE+1DCLK ! LE+2DCLKs : ;Turn-on Output

16th D ata Latch Global Latch
Note: there is no timing relation between DCLK and GCLK.
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PWM Data Auto Sync. Mode

DCLK i ;
GoLK L/_LI_\J//\_/_\: / :
LE i / :
GCLK Time-out // i // i

// ; I P e

) Time-out
160 ms ' Turn-off Output

DCLK
GCLK
LE

SDI D00 X _D01J{ D02 X DOEX DOFX D10 X_ D11 X D12Y DEE DEF

SDO i Dho X D01 X 002[[ E )( FX
GCLK Time-out // \ i //

i I —>i

LE+1DCLK' LE+1 DCLK

1st Data Latch 2nd Data Latch
DCLK :

1
GCLK /\_I/i
LE ‘ i
sbi DF0X DF1X DF2)[ DFE X DFFX i
i T T

spo D10 X D11 X D127/ DEE X DEEX DFO
GCLK Time-out

GCLK Counter // i i 3// o X 1:X> JK_1023 ><:
— T T e
LE+1 DCLK ' LE+2DCLKs ! ! Turn-on Output
16th Data Latch Global Latch ’

Note: there is no timing relation between DCLK and GCLK.

Compulsory Leakage Diagnosis

Another failure phenomenon of LED display is that the LED is always in the on-state caused by a leakage path (or
short-to-ground) on the PCB or LED driver. Therefore, this chip adds in the leakage diagnosis to help easily detect
the LED driver leakage problem.

When the LED driver leakage problem occurs, the voltage for the LED streams (V) will increase, and according to
the equation below:
Viep-VF=Vbs

The voltage of the output ports (Vps) will be lower than the original Vps in the off-state (LED driver turns off the output
ports).

MBI5049 sinks 400nA while executing leakage diagnosis. If VE@(400nA+leakage current) is still less than 0.3xVpp
or, VE@400nA is very closed to VF@(400nA+leakage current), it may cause erroneous determination of leakage

diagnosis.

Considering the above variation, this chip allows users to select the suitable voltage as the threshold voltage of the
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leakage diagnosis. Users can set the threshold voltage (Vi eaktH) for compulsory leakage detection by bit [A:9] of

configuration register as summarized below:

2'b00: 0.4 x Vpp
2'b01: 0.5 x Vpp
2’b10: 0.6 x Vpp
2’b11: 0.7 x Vpp (default)

Rext-open Detection
If the R-EXT pin is open, the output current will be turned off. The R-EXT flag will become “0” until the problem is
fixed. Users can read the related bit in the error report.

Thermal Protection
Users can set the thermal protection by bit “6” of configuration register. To enable the thermal shutdown function, the
bit “6” is set to “1” (default). To disable the thermal shutdown function, the bit “6” is set to “0”.

This chip provides two thermal flags:

Thermal flag 1 is over-temperature alarm, and thermal flag 2 is thermal shutdown. When the IC temperature is over
140°C, thermal flag 1 will report “0”. When the IC temperature is under 120°C, thermal flag 1 will recover to “1”.

When the IC temperature is over 160°C, the thermal flag 2 will become “0” and this chip will turn off the output
current of all channels automatically. It will not turn on the output channels until power cycling or a wakeup
command issued from the controller.

O-power Mode

By setting bit “F” of the configuration register, the 0-power mode of this chip will be effective. When all the output
data of this chip are “0”, MBI5049 will enter the 0-power mode automatically. When the non-zero data is latched, this
chip will leave 0-power mode automatically. Users may also force this chip to leave the 0-power mode by command.
The output recovery time from 0-power mode is 0.96ms typically.

To optimize the power saving of the 0-power mode, it is recommended to categorize LEDs along with LED drivers
into groups when designing PCBs in order to allow this chip to turn on or turn off the cascaded LEDs in the group
simultaneously. Therefore, the 0-power mode of this chip is especially useful for LED message signs to save the
power of LED drivers since many LEDs of an LED message sign are usually not in use.

When 0-power mode is enabled, all error detection commands (open-circuit, leakage, thermal detection, Rex-0pen)
will not perform and return to “1”, but the other commands (write and read configurations) are still active.
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Automatically Enter and Leave the 0-power Mode

Automatically enter the 0-power saving mode when PWM gray scale data are all zero and the global latch command

is executed at PWM data manual synchronization. In O-power saving mode, the output is disabled.

Manual Sync. Mode

spbl D00 X D01 X D02/ D0:E .X D10 X D11XD12] DEEX DEFF X
SDO / 3 Epo X D01 X DO DGE DOF:
«— -4—».

LE+1DCLK" 'LE+1DCLK
1st DataLatch 2nd Data Latch

DCLK/™ \__/ R :

GaK_ [\ i * '

LE \ i

sbl DFo X_DF1 X_DF2 )/ DRE X DFF: X ]

spo D10 X_ b1z X_D12/(_DEE X DEEX DFo X_DF1X DF2 [DFEX DFF: X

L1 Latches i E | i X_256+bits Zero

L2 Latches i ; : X 256bits Zero
— ! : —
LE+1 DCLK! | LE+2DCLKs 1 i Enter O-power Mode
16th Data Latch Global Latch Turn-of f Output

Note: there is no timing relation between DCLK and GCLK.

Until the PWM gray scale data are none all zero and the global latch command is executed and must wait 1 ms at
PWM data manual synchronization, the output will be enabled and automatically leave the 0-power mode.
Automatically enter the 0-power saving mode when PWM gray scale data are all zero, the global latch command is
executed and 1024 GCLKs at PWM data auto synchronization. In 0-power saving mode, the output is disabled.
DCLK

GCLK
LE

SDO / : D00 X meK DOE X_D )(
—>

LE+1DCLK LE+1 DCLK
1st Data Latch 2nd Data Latch

oLk Wan L
GCLK : /_\_:/_\%/L/—E_
LE ,‘: \3 \ ; :
spi DFoX DF1 X DF2 lDFEX DFFX /',/' ;
DEE(_DEEX_DFOY DFIX DF' [OFEX OFE X :

/
SDO D10 : . / / ;
L1 Latches E i : 1 X 256-bits /[\lone Zero!
| ! T
L2 Latches i ! i 1 X 256- |ts/ﬁ\lone Zero !
— — > L >
LE+1DCLK ! LE+2DCLKs! 1 Milli Second ! Leave 0-power Mode
16th Data Latch Global Latch Turn-on Output
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Auto Sync. Mode

DCLK

1 1
LE+1 DCLK LE+1DCLK
1st DataLatch 2nd Data Latch

DI DFOX_DFIX_DF2 ) [ DFE X_DRFY ] i
SDO D10 | o pF1_DF2 ) | DFEX_oFR X
L1 Latches
L2 Latches
GCLK Counter

0 X1 X2

‘ , > e
LE+1 DCLK + LE+2DCLKs ! Enter, 0-power Mode
16th Data Latch Global Latch Turn-bff Output

Until the PWM gray scale data are none all zero and the global latch command is executed and must wait 1024

GCLKs + 1ms at PWM data auto synchronization, the output will be enabled and automatically leave the 0-power

mode.

DCL L

GCL ;

LE | i

s Do DoX Do/ DG:)EX DOF:FX DIX D11X D12/ DEiEEX DEI::)C

SDO // ; D0 X_Do1X DQ?% DOE X__ DOk X
—p —p
LE+1 DCLK LE+1DCLK
1st Data Latch 2nd Data Latch

L .
[ DFEX_DFFr X /] : Il

—
SDO D1 DEEX DEEX DF DF1X DE2 [FEX DFniFX ij ! |
' |

L1 Latches ‘ i ! i X 256- [jits None Zero
L2 Latches i i { ‘ bits None Zero
GCLK Counter : | o 1 X 2 I
1 :4 >|I | —_—
| H [ B — ]
'LE+1DCLK ! LE+2DCLKs ! 1 Milli Second 1Leave 0-power Mode

16th Data Latch Global Latch Turn-on Output
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Automatically enter the 0-power saving mode when PWM gray scale data are all zero. In 0-power saving mode, the

output is turn off. Until the wake up command is executed and must wait 1ms, the output will be enabled and leave

the 0-power mode

Manual Sync. Mode

DCLK

GCLK

LE |

sbl D00 X Do1 X D02 DOE)( DOF X D10 X D11

SDO / ; L',Boo X _Do1 Xm%/ LbE
>
LE+1DCLK LE+1 DCLK
1st Data Latch 2nd Data Latch

DCLK

GCLK

LE ‘ ‘ :

sb DF0 X DF1 X DF2/[DFEX DFFX o E

SDO D10 D11 X_D12] DEE X_DroX_DF1X DF2/I DFE X_DFRF X

L1 Latches ! ' j : A 256- blts Zero

L2 Latches 1 ; | X 2566 Zoro
— | : I—
| LE+1DELK ' LE+2DCLKs 1 | Enter 0power Mode

16th Data Latch Global Latch Turn-of f Output

DOLK !

GCLK 1

e | |

SOl i :

SDO |

: 'LE+13DCLKs !  1Mili Second = Leave O-power Mode

Wake-up I Turn-on Output

A
v

i 0O-power Mode Turn-off Output !
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Application Information

Constant Current

To design LED displays, MBI5049 provides nearly no variations in current from channel to channel and from IC to IC.
This can be achieved by:

1) The maximum current variation between channels is less than +3%, and that between ICs is less than +6%.

2) In addition, the current characteristic of output stage is flat and users can refer to the figure as shown below. The
output current can be kept constant regardless of the variations of LED forward voltages (Vg). This performs as a
perfection of load regulation.

lout(mA) lout VS. Vps at Various Ry, Vpp=5.0V
50
45
40
35
o—— A
) 5m
25 77 e 10mA
20 /A 20mA
15 v, 30mA
10 _/ 40mA
5 ‘K 45mA
0

0 0.5 1 1.5 2 2.5 3
Vps(V)
lout(mA) lout VS. Vpg at Various Ry, Vpp=3.3V
40
30 =
20 ————> g 10mA
20mA
10
30mA
0
0 0.5 1 1.5 2 2.5 3
Vps(V)
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Setting Output Current

The output current (loyt) is set by an external resistor, Rey. The default relationship between loyt and Ry is shown in
the following figure.

Also, the output current can be calculated from the equation:

Vrext=0.6Volt x G x H; loyt=Vr-ext/(Rext X H)x23.0

HC=1=>H=1 (Please refers to Current Gain Adjustment section on next page for “HC” description)

HC=0=>H=4

Whereas Ry is the resistance of the external resistor connected to R-EXT terminal and Vr.gxr is its voltage. G is the
digital current gain, which is set by the bit5 — bit0 of the configuration register. The default value of G is 12.5%. For
your information, the output current is about 3mA when R.=575Q if G is set to default value 12.5%. The formula
and setting for G are described in next section.

lour(MA) IOUT VS. Rext
50

40

30

AN
N

0 2000 4000 6000 8000 10000 12000 14000
Rext(Q)
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Current Gain Adjustment

ps

The 6 bits (bit 5~bit 0) of the configuration register set the gain of output current, i.e., G. As total 6-bit in number, i.e.,
ranged from 6’b000000 to 6’b111111, these bits allow the user to set the output current gain up to 64 levels.
These bits can be further defined inside configuration register as follows:

F | E D|C|B|A|?9 8 7 6 5 4 3 2 1 0

- - - - - - - - - - HC | DA4 | DA3 | DA2 | DA1 | DAO

1. Bit5is HC bit. The setting is in low current band when HC=0, and in high current band when HC=1.

2. Bit 4 to bit 0 are DA4 ~ DAO.

The relationship between these bits and current gain G is:

HC=1, D=(64xG-32)/3

HC=0, D=(256xG-32)/3

and D in the above decimal numeration can be converted to its equivalent in binary form by the following equation:
D= DA4x2*+DA3x2°+DA2x2°+DA1x2'+DA0OxX2°

In other words, these bits can be looked as a floating number with 1-bit exponent HC and 5-bit mantissa DA4~DAO.
For example,

HC=1, G=1.246, D=(64x1.246-32)/3=16

the D in binary form would be:

D=16=1x2*+0x2>+0x2*+0x2"+0x2°

The 6 bits (bit 5~bit 0) of the configuration register are set to 6’b110000.

Staggered Delay of Output

MBI15049 has a built-in delay circuit to perform delay mechanism. Among output ports exist a graduated 5ns delay
time among OUTnand OUTn+1, by which the output ports will be turned on at a different time so that the instant
current from the power line will be lowered.
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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 adopts tin/lead (SnPb) solder paste, and please refer to the
JEDEC J-STD-020C for the temperature of solder bath. 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.

Temperature (C)

300
° «~+0C
255C 260°C 5°C
250 245C15C
240°C
\
217°C
30s max
200
Average ramp-up g%r?spz%%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 50 100 150 200 250 300
— T iME (SEC)
----Maximum peak temperature
—Recommended reflow profile JEDEC J-STD-020C
Packaae Thickness Volume mm?® Volume mm?® Volume mm?®
9 <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 Power Dissipation (PD)

The maximum allowable package power dissipation is determined as Pp(max)=(Tj—Ta)/R(-a). When 16 output
channels are turned on simultaneously, the actual package power dissipation is
Ppo(act)=(lppxVpp)+(loutxDutyxVpsx16). Therefore, to keep Pp (act)<Pp (max), the allowable maximum output current
as a function of duty cycle is:

lout={[(Tj—Ta)/Rn¢-a)]—(looXVop)}/Vps /Duty/16, where Tj=150°C.

Device Type Ring-a) (°C/W)
GF 46.69
GP 68.00

The maximum power dissipation, Pp(max)=(Tj—Ta)/Ri.a), decreases as the ambient temperature increases.

MBI15049 Maximum Power Dissipation at Various Ambient Temperature
Power Dissipation (W)
4.0
3.5
3.0

25 E\X
2.0 x

GP Type: Rth=68.00°C/W

GF Type: Rth=46.69°C/W

15 .
10 Safe Operation Area
0.5
0.0
0 10 20 30 40 50 60 70 80

Ambient Temperature (C)

-30- October 2014, V1.00



MBI15049 16-Channel Constant Current LED Sink Driver with
Error Detection and Power Saving

Load Supply Voltage (V gp)

MBI5049 is designed to operate with Vps ranging from 0.4V to 1.0V (depending on loyt=3~45mA) considering the
package power dissipating limits. Vps may be higher enough to make Ppucy >Ppmaxy When Vi gp=5V and
Vps=V ep—VE, in which V gpis the load supply voltage. In this case, it is recommended to use the lowest possible
supply voltage or to set an external voltage reducer, Vprop.

A voltage reducer lets Vps=(V ep—VF)-Vprop-

Resistors or Zener diode can be used in the applications as shown in the following figures.

Supply Voltage (Vep) Supply Voltage (V_ep)
VDrop { VDrop {
V
Ve { % %|/VDS F [ Vos

MBI5049 MBI5049

Switching Noise Reduction
LED driver ICs are frequently used in switch-mode applications which always behave with switching noise due to the

parasitic inductance on PCB. To eliminate switching noise, refer to “Application Note for 8-bit and 16-bit LED

Drivers- Overshoot”.
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Package Outline
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MBI5049GF Outline Drawing

Note: The unit for the outline drawing is mm.
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cYMBOLS Dimensions shown in inches Dimensions shown in millimeters
MIN. NOM. MAX. MIN. NOM. MAX.
A 0.053 0,084 0,089 1.345 1,528 1,783
Al 0.004 0.005 0.0.0 0.102 0.i52 0.254
A2 — - 0,059 — — 1,498
0.337 0,341 0,344 8.550 8.5661 8735
E 0.228 0,235 0.244 5.791 5.994 8188
E 0.150 0.154 0.157 3.810 3912 3,988
b 0.008 - 0.0:2 0,203 — 0,308
c 0.007 - 0.0.0 0.178 — 0.254
0.015 0,025 0,050 0,405 0,535 1,270
e 0,025 BASIC 0,535 BASIC
L1 0.041 BASIC 1.0414 BASIKC
8" 0 - s o | = | s

MBI5049GP Outline Drawing
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Product Top Mark Information

The first row of printing < Part number

) ID number

— The second row of printing

MBIXXXX o
T ] °
I\C/I(e)zdn:facture Device Version Code
Product No. Package Code
Process Code
Product Revision History
Datasheet version | Device Version Code
V1.00 A
Product Ordering Information
RoHS Compliant :
Part Number Package Type Weight (g)
MBI5049GF-A SOP241-300-1.00 0.28
MBI5049GP-A SSOP24L-150-0.64 0.1

*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 without notice. 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.

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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